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Abstract This report contains an overview on the licensing of large spallation sources with an Hgtarget as Eurisol. It is emphasized, that the legislative basis for the licensing of a multi-MW target is not completely established in Europe. Radiological licensing requirements are compared for European countries UK, Sweden, France and Germany. Further on a compilation concerning regulations on conventional toxicity of mercury for European countries and USA and Japan is presented.
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General legislation aspects of Eurisol (by B.Heuel-Fabianek, R.Moormann, FZJ)



1.



Introduction



Throughout the EU (as in most other countries) safety considerations are based on three different categories, distinguished mainly by their frequency of occurrence: •



Normal operation and frequent abnormal events or ‘incidents’ (>10-2 y-1),



•



Design basis accidents, DBA (10-2 y-1- 5·10-6 y-1)1,



•



Design extension accidents, DEA, ‘hypothetical’ events ( 300 MeV and the power > 0.5 kW). Both the accelerator (and rings) and the target will be considered a nuclear installation. The licensing of nuclear installations is defined in the decree no. 63-1228 of the 11th of December 1963 (modified by decrees no. 73-405 of 27/03/73, 85-449 of 23/04/85 and 9078 of 19/01/90). This decree foresees that the creation of a nuclear installation requires an authorisation covering not only the nuclear installation itself but also all the peripheral installations which are classified for the protection of the environment (as defined in the French law 76-663 concerning the ICPE (Installations Classées pour la Protection de l’Environnement)). The safety assessment document submitted to obtain the required authorization of the Ministry of Industry must cover the following points: a) General information (applicant, short description of the site, site map, etc) b) Detailed information of the site and its surroundings (public roads, railways, rivers and lakes, electricity networks, pipelines, …) c) Detailed description of the installation containing a preliminary safety assessment document, describing the risks and the measures foreseen to limit the consequences in case of an accident. This document also includes a study of the final decommissioning of the site. The request for authorisation automatically includes a public enquiry. This public enquiry is carried out on a departmental level (all departments included in a circle of a radius of 5 km around the site are concerned). Licensing aspects for multi-MW spallation sources with an Hg-target – Comparison of different countries Compiled by R.Moormann/FZJ (15.08.2006)
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An authorisation decree finally authorises the construction of the installation. At the latest 6 months after the start-up of the installation (in the sense of first beam in the accelerator) the following documents must be submitted to the Central Service for the Safety of Nuclear Installations (Service Central de Sûreté des Installations Nucléaires): a) A provisional safety report including a description of the measures and technical solutions foreseen to comply with the prescriptions of the authorisation decree. b) General operation rules and procedures to guarantee the nuclear safety during the operation of the installation. c) An emergency plan for the installation defining the organisation and the available means to cope with an emergency situation in case of an accident. The rules and regulations for the emission of liquid or gaseous effluents into the environment are defined in the decree no. 95-540 of the 4th of May 1995. Depending on the quantities and concentrations again a public enquiry may results from this. Independent of the nuclear (and environmental) licensing the protection of workers and the public against ionising radiation hazards is defined in the decrees no. 86-1103 of the 2nd of October 1986 and no. 75-306 of the 28th of April 1975. The dose limits defined in these decrees will be modified in the near future to comply with the Euratom Directive 96/29 [1]. The general philosophy proposed for Eurisol and used for the preliminary shielding calculations is that all personnel should be considered as non-exposed workers, which means that according to the new European limits the integrated dose per year shall not exceed 1 mSv. All other activities (e.g. interventions in the tunnels, remote handling around the target etc.) should whenever possible maintain this general policy. UNITED KINGDOM: UK REGULATORY AND ADMINISTRATIVE REQUIREMENTS FOR AN EURISOL TYPE PROJECT: IONISING RADIATION ASPECTS (Status: May 2001) In general, the regulatory and administrative requirements for an EURISOL type project in the UK do not appear to be prohibitive and the operational experience of an accelerator such as ISIS would be important in demonstrating basic competence and standards to the interested authorities, organisations and persons. However there are some special issues for which the regulatory requirements could be limiting; as in the case of the 15 tonne liquid mercury target. Requirements of various authorities are given in the following paragraphs. Health and Safety Executive (HSE) Requirements The HSE is responsible for administering the Ionising Radiation Regulations 1999 (IRR99) which were revised to comply with the European Safety Directive of 1996 and relate to the control of radiation risks in the workplace. Specific attention is given in the regulations to accelerators. However the IRR99 do not require licensing approval for an EURISOL type project, provided that the project complies with the generic safety requirements issued by the HSE. An EURISOL type project would of course be expected to fully comply with the IRR99. The generic requirements detail the conditions for radiation dose control to workers and others at an accelerator. Examples of these controls would be interlocks, shielding, Licensing aspects for multi-MW spallation sources with an Hg-target – Comparison of different countries Compiled by R.Moormann/FZJ (15.08.2006)
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procedures and maintenance schedules. The main, yearly whole body dose limit applied is 20mSv for workers and 1 mSv for members of the public. A comprehensive prior risk assessment, which must also extend to any major experiments proposed for the project, would be needed. The acceptable levels and conditions of risk would be similar to that of the situation in Germany. Environment Agency (EA) Requirements The EA administers the Radioactive Substances Act 1993, which requires justification, registration to use radioactive material and authorisation to accumulate and dispose of radioactive substances. They would require a full environmental impact assessment and the main limit (member of public dose), from all sources produced by an EURISOL type project, would be 0.3 mSv per year. It should be noted that the EA would expect radioactive waste disposal routes to be available and contracts established before granting approval. At decommissioning, the large mass and bulk of active accelerator components and associated structures could be of concern because of the impact on the storage capacity of disposal authorities. Decommissioning strategy would have to be based on the best practical options consistent with radiation safety. A background environmental radioactivity study would be required by the EA to establish a datum level for comparison of environmental data. The EA is bound to consult with public and local authorities. Any local council would invoke the relevant planning act (1988) and would also expect an Environmental Impact Assessment. Nuclear Installations Inspectorate (NII) Requirements The NII is a branch of the Health and Safety Commission and administers the Nuclear Installations Act 1990. It is not expected to have a direct interest in an EURISOL type project in the UK. They could become interested in any major experiment involving fissionable nuclear matter such as Pu239. Health and Safety Commission (HSC) Requirements The HSC would require compliance with the pending Radiation Emergency Preparedness and Public Information Regulations, based on EU Council Directive 96/29 [1]. They may impose controls on plant design, similar to those for nuclear reactors, because of the nature of the liquid mercury target. Such controls would extend to the transport of waste mercury. Department of Transport Requirements The Department of Transport administers the Radioactive Material Road Transport Regulations 1996, largely based on the IAEA recommendations. Transportation of a significant mass of active mercury would require special approval and flasks. Waste Disposal Authorities Requirements There could be difficulties with processing active waste mercury, either as target liquid or mixed with other waste, for disposal. Waste disposal authorities would expect conditioning to immobilise mercury and its compounds. Site Specific Requirements The construction of the Eurisol within an existing campus organisation could be controlled by local policy on such matters as environmental and operational doses. For example, Licensing aspects for multi-MW spallation sources with an Hg-target – Comparison of different countries Compiled by R.Moormann/FZJ (15.08.2006)
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allowance for contributions to dose from other sources is inherent in RAL shielding policy where doses to operators should not exceed 1 mSv per year after inclusion of all sources. Germany



Although EURISOL is not a nuclear installation in terms of German law (provided, the fissile formation in the discussed U/Th-cladding remains sufficiently small), Eurisol is covered by the German Radiological Protection Ordinance (Strahlenschutzverordnung, revised version applicable since August 2001 [2]). The main difference to licensing of nuclear plants is probably the involvement of the public within the licensing procedure, which is not required in case of facilities like Eurisol. Construction and operation of Eurisol have to be licensed. A safety report with the following content has to be submitted to the licensing authority: a) General information (applicant, experience of the applicant, short description of the site etc.) b) Ecological conditions on the site (actual radiological conditions on the site without consideration of Eurisol, meteorology, river and ground water systems in the surrounding of the plant, agriculture and use of water around the site area); this chapter is not always required c) Objective of Eurisol d) Description of Eurisol design (detailed information about design) e) Description of Eurisol operation (operation times per year; procedures of operation, maintenance and repair; documentation of operation...; staff: organisation, responsibilities, education; internal operation/maintenance guidelines etc.) f) Radiology of Eurisol (exposition of the staff by external and internal pathways for different areas of the plant: detailed calculations; activation of components; amount of radioactive waste; shielding (maximum doses to staff and public follow EURATOM-guideline 96/29 [1]); emissions by air and water (including dose calculations for the public: Dose limits are 0.3 mSv/y effective dose by emissions via air and water, each); activity control systems within Eurisol and concerning emissions to the environment; systems protecting the staff from radiation/contamination etc.) g) Measures relevant to safety and security (fire protection; preparation for countermeasures in case of accidents; security systems: usually a confidential part of the safety report; protection of radioactivity against unadmitted use; protection against sabotage etc.) h) Safety considerations (the actual guidelines concentrate on accelerators; however, because completeness is required, target specific safety considerations have to be added; in principle, only the frequency range of down to about 10-6 a-1 (design basis accidents = dba, this frequency limit is not explicitly written down, but can be evaluated from the frequencies of accidents, usually examined in the licensing process; there is some tendency to decrease these frequency limits) has to be covered for licensing purposes (for emergency countermeasures however see below): It has to be shown, that certain dose limits for the public are met (details see appendix 1), but with general consideration of the ALARA (= as low as reasonably Licensing aspects for multi-MW spallation sources with an Hg-target – Comparison of different countries Compiled by R.Moormann/FZJ (15.08.2006)



11



achievable) principle; commissioning practise for nuclear plants indicates, that accidents beyond this frequency limit have also to be considered in the safety report, but without the requirement of meeting the dose limits of dba; a more realistic treatment as for emergency planning (see below) is usual here. i) Eurisol decommissioning (activity of components, proposals on waste disposal etc.) This list follows the guidelines for ion sources, to which Eurisol belongs in terms of German law. However, in contrast to such sources, high activities are enclosed within the mercury target. Following the consequence estimations for SNS it is expected, that in addition to the safety report outlined above (and in contrast to usual ion sources) a report on countermeasures (evacuation, relocation, foodstuff ban, sheltering) protecting the public in case of accidental releases has to be prepared; this report covers accidents beyond the scope of the usual licensing procedure (i.e. accidents with frequencies < about 10-6 a-1) and is usually confidential. In contrast to dba analyses (see subchapter 8.2.1.3.1), dose calculations for decision about emergency countermeasures are performed on a more realistic basis (i.e. consequence models like the EU code system COSYMA [5] may be used). A report about emergency countermeasures is not necessary, if it can be shown, that the ICRP-63 [4] respectively EU limits on emergency countermeasures are surely not met down to accident frequencies of about 10-8 a-1. Dose calculations for design basis accidents (dba) in Germany It was found out already in the past, that considerable differences to other countries exist with respect to procedure of part h.) (safety considerations, see above) of the safety report required in Germany. These differences are mainly found within rules for dose calculations for dba (as an example a comparison between US and German dose estimation guidelines is found in [3]), so the German procedure will be outlined here shortly. A governmental guideline, originally developed for dba of PWRs (pressurised water reactors), but used also for other nuclear facilities, requires dose calculations outside the plant area in the following manner: • exposure pathways: external radiation, inhalation and ingestion (with respect to the latter it is assumed, that the reference person eats/drinks only the highest contaminated food, considering, that within a circumference of 1 km around the plant 1 day after start of radioactive release a complete foodban is declared) • no shielding by houses etc., worst location of the reference person in the area outside the plant is assumed • worst weather conditions have to be selected within a formal procedure • dose build-up occurs over 50 y (internal radiation, ground shine) for adults, 70 y for infants • doses added over all exposure pathways must remain sufficiently below 50 mSv (effective dose and doses for radiation sensible organs), 150 mSv (thyroid dose and most other organ doses) and 300 mSv (skin dose and doses for other low sensitive organs). Particularly consideration of ingestion leads to the beforementioned substantial differences to dose calculations in other countries, because in many cases the ingestion dominates Licensing aspects for multi-MW spallation sources with an Hg-target – Comparison of different countries Compiled by R.Moormann/FZJ (15.08.2006)
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the overall dose. It has to be noted here, that transfer factors, which describe the nuclide transfer within a food chain and which are necessary for ingestion calculations, are probably not available with sufficient accuracy for all elements found within the Eurisol target; accordingly, work in this field is required. With respect to methods of dose calculations for inhalation and external irradiation, results obtained by German guidelines seem to be similar to those obtained by rules of other countries (provided shielding by houses is neglected etc.). In addition to the described handling of ‘normal’ dba, German law ‘Atomgesetz’ restricted from 1994 - 2002 severe consequences of core meltdown accidents in LWRs to the plant area, which probably means, that countermeasures like evacuation and relocation must not be necessary down to accident frequencies of about 10-8 a-1. However, detailed guidelines how to handle this part of the ‘Atomgesetz’ were not available, because no LWR was licensed in the timespan, when the Atomgesetz was extended in the before mentioned manner. Since 2002, the construction of nuclear power plants is prohibited in Germany and for that, this extension was skipped. SWEDEN The Swedish Radiation Protection Institute’s (Statens Strålskydds Institut, SSI) regulations are issued on the basis of the Swedish Radiation Protection Ordinance (1988:293), which empowers the Institute to issue regulations according to the Radiation Protection Act (1988:220). According to the Radiation Protection Act (1988:220) a permit is required for the manufacture, import, sale, transfer, lease, acquisition, possession, use, installation or maintenance of technical devices, which are capable of generating ionising radiation (§ 20). SSI issues additional conditions required with reference to radiation protection. The planed activity must also follow the issued regulations on radiation protection for workers and public. For the public, the permissible annual doses are those of [1], whereas the permissible doses for workers are not yet those of EU-guidelines, but about a factor of 2.5 higher. In accordance with the Radiation Protection Ordinance (1988:293) SSI can determine that an Environmental Impact Assessment (EIA) has to be submitted for a particular case (§ 14a). Such an Environmental Impact Assessment should be prepared following chapter 6 of the Environmental Code (1998:808). SSI has issued Regulations on Radioactive Waste Not Associated with Nuclear Energy (1983:7). The regulations are not however applicable on the highly radioactive mixed waste (chemical/radioactive) arising from the planed activity. There is today no waste system for non-nuclear radioactive waste in Sweden. A Governmental commission of inquiry will in a near future review the situation and suggest a system for handling and storage and final disposal of non-nuclear radioactive waste in Sweden. If the commission of inquiry will cover the waste from Eurisol is not yet clear. In order to achieve a permission to construct an Eurisol like facility in Sweden, the following procedure should be followed. A preliminary application is to be forwarded to the Licensing aspects for multi-MW spallation sources with an Hg-target – Comparison of different countries Compiled by R.Moormann/FZJ (15.08.2006)
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Swedish Radiation Protection Institute describing not only the technical aspects of the Eurisol facility but also the (European) application procedure where localisation to Sweden is asked for. The application can be made in several successive steps having an increasing degree of details, and written in a form suitable for official documentation. The Eurisol application should present the information in a form that facilitates assessments referring to relevant legal frames, i.e. Radiation Protection Act (1988:220) and additional. As described above an Environmental Impact Assessment most probably has to be performed. Possible terms for the application are: •



Data on the (calculated/expected) maximum and minimum dose rate values at the border of the facility (both prompt and related to activation).



•



Specification of emissions to the surroundings, surface water, ground water and air.



•



Specification of doses to the general public.



•



Specification of the facility decommissioning procedure, how remaining radioactive material will be taken care of, and what type of economical resources are available that will guarantee the decommissioning to be possible.



•



Description of: internal rules applicable to the radiation protection organisation, handling of radiation safety for the staff, measures against incidents, general management and waste disposal.



•



Description of the facility in view of radiation protection terms – accelerator, storage rings, beam transport and targets. Description of the construction of the buildings and their shielding capacity, and the personal access to different parts of the facility. Proof of the integrity of the cooling system and of the function of the ventilation system. Calculations on beam losses during various conditions including influence on construction material and equipment. Description of procedures to handle activated material.



References [1] EU Council Directive 96/29/EURATOM of 13.05.1996, laying down basic safety standards for the health protection of the general public and workers against the dangers of ionising radiation [2] Verordnung für die Umsetzung von EURATOM Richtlinien zum Strahlenschutz, 20.07.2001, Bundesgesetzblatt G5702 (2001) Nr. 38 [3] J.Maneke et al.: Study of US and FRG criteria for use in HTGR safety evaluation. DOE-HTGR-87102 (1988) [4] Report ICRP-63: Principles for Intervention for Protection of the Public in a Radiological Emergency, May (1993) [5] PC Cosyma: An accident consequence assessment package for use on a PC. Report EUR 14916 EN (1994)



Licensing aspects for multi-MW spallation sources with an Hg-target – Comparison of different countries Compiled by R.Moormann/FZJ (15.08.2006)



14



Appendix 2: Conventional mercury toxicity, the legal situation as in 2003 (by Karl Verfondern, FZJ) Apart from the radioactivity contained in the target material, the chemical toxicity of mercury represents a major hazard to both people and environment if accidentally released. Not only have large and fast releases to be considered, but also small, continuous releases and minor incidents. An undetected continuous small release of mercury affecting the staff is unlikely to occur because of the easy detection of radioactivity in the target material. It should be checked, however, whether or to what extent such an escape may remain undetected for a still unirradiated target. Furthermore, incidental mercury intake by the staff in course of filling the target has to be considered.



Due to environmental concerns, numerous regulations have been created which have led to a major decrease in the Hg consumption all over the world since the 1980s. Existing restrictions are mainly referring to discharges of various bioaccumulative chemicals or emissions from coal-fired power plants, or to potential exposure at the work place. The rules for treating accidental mercury release (safety guidelines for chemical plants are applicable here) are different to some extent in different countries. Besides for EU and European countries, respective rules are described for USA and Japan, too, which are both countries, developing a spallation source; this was done, because -in contrast to rules for the radiological licensing- the legal framework concerning toxic mercury was not yet part of the preliminary safety analyses for these spallation sources. European Union materials is given by various EU directives, which are related to the handling of hazardous substances.



The Council directive 67/548/EWG on “Classification, Packaging and Labelling of Dangerous Substances in the European Union” of 1967 [R548, 1967] and 1979, respectively, requires an assessment for the characteristics of chemicals which are categorized hazardous and which are intended to be put professional markets (which, however, is not the case for Eurisol). The labelling for a hazardous substance must include the chemical detonation, hazard symbols, reference to particular risks (“R-Sentences”), safety advises (“S-Sentences”), and other information. This guideline serves also the correct selection of the necessary R and S sentences. The characterization of mercury is given by the R sentences R23 (poisonous when inhaled), R33 (danger of cumulative effects), R50 (very toxic to aquatic organisms), R53 (may cause long-term adverse effects in the aquatic environment), and by the S sentences S1 (store in containment), S2 (must not be accessible to children), S7 (keep container tightly closed), S45 (consult doctor immediately in case of an accident), S60 (substance and/or container must be disposed as Licensing aspects for multi-MW spallation sources with an Hg-target – Comparison of different countries Compiled by R.Moormann/FZJ (15.08.2006)
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dangerous waste), S61 (avoid release into environment, consult safety data sheet). The EU labelling of mercury is T (toxic) and N (dangerous to environment).



The European Council Directive 98/24/EC of 1998 on the “Protection of Workers from the Risks Related to Chemical Agents at Work” or Chemical Agents Directive [CD98, 1998] regulates what employers should do as a minimum to protect the personnel’s health from the effect of hazardous chemical agents, covering both toxic hazards and fire hazards arising from an explosive atmosphere. It also sets a new framework for establishing occupational exposure limits. This directive must be implemented in Member States legislation by May 2001. Indicative Occupational Exposure Limit Values (IOELV) are the legal limits for concentrations of a hazardous substance in air proposed by the CEC. Member States are obliged to introduce an occupational exposure limit for these substances in accordance with national legislation and practice that takes the IOELV into account. The CEC list does not include yet mercury.



The EU frame guideline 96/62/EG of 1996 [CD96, 1996] on the Valuation and Control of Air Quality is in force. It demands to lay down limits and alarm threshold values for various substances. The particular daughter guideline for mercury is presently under construction. It is expected that these data be transformed into national law. A harmonized European guideline on general occupational protection is also under construction describing the minimum standards for the handling of hazardous materials at the work place.



The EU Council Directive 96/82/EC, also known as Seveso II directive, of 1996 [Seveso-II, 1996] has become mandatory for both industry and public authorities since February 1999. It aims at the prevention of major hazards and the limitation of the consequences to man and environment at a high level of protection. It is distinguished between lower tier and upper tier establishments depending on whether specified threshold quantities for certain substances are exceeded or not. The difference is given by additional documentation such as Safety Management System, Internal Emergency Plan, Safety Report, required for upper tier establishments. Mercury is not explicitly mentioned in the directive’s list of regulated substances. In this case the list of characteristics applies giving the following threshold values for substances labelled toxic: 50 t (lower tier) and 200 t (upper tier). This means that the Seveso II guideline does not apply to the EURISOL Spallation Source, which has a maximum inventory of 30 t of Hg for two targets plus a presumably small reserve. The WHO has adopted the range of 10 ppm to 20 ppm mercury in hair as the threshold for the harmful effects of methyl mercury. France In France, the use of mercury is subject to the law of the protection of the environment (ICPE). In the case of mercury an authorisation is required for quantities above 200 kg. Therefore the EURISOL target will be subject to authorization. The French ministry in Licensing aspects for multi-MW spallation sources with an Hg-target – Comparison of different countries Compiled by R.Moormann/FZJ (15.08.2006)



16



charge of Labour publishes French short-term and long-term exposure limits. United Kingdom In the United Kingdom, health and safety legislation is made under the power of various Acts of the Parliament. The Health and Safety at Work etc. Act of 1994 requires employers to take all reasonable practical measures to minimize the risk to the health and safety of their employees and other people who may be affected by the work activity. Employers must make sure that any equipment is fit for its intended purpose and that adequate information is supplied to ensure that it can be used safely.



The “Control of Substances Hazardous to Health (COSHH) Regulations” of 1999 apply to all substances defined as hazardous (very toxic, toxic, harmful, corrosive, irritant) and to all places of work. COSHH states in general what standards must be achieved, but places the ultimate responsibility on the employer how these standards shall be met. He must conduct a suitable and sufficient assessment, which identifies the risk to health. So-called Approved Codes of Practise and Guidance Notes complete COSHH. Maximum Exposure Limits (MEL) are given in one of the appendices.



Mercury is one of the hazardous substances for which health surveillance is required. A typical Threshold Limit Value (TLV), time-weighted average, used in the UK is 0.05 mg/m³; PEL is 0.1 mg/m³ [Mercury, 1996]. In addition, there are Occupational Exposure Standards (OES), which are considered good practise and realistic control criteria. The National Occupational Health and Safety Commission responsible for reviewing, updating, and declaring the “Adopted National Exposure Standards for Atmospheric Contaminants in the Occupational Environment” has proposed in 2000 a change of some exposure standards. The suggestion for (metallic and inorganic) mercury time-weighted average values is now down to 0.025 mg/m³ or 3 ppb.



Emissions of mercury via the stack in normal operation including maintenance etc. (if any) and due to abnormal events have to be estimated within the licensing process, too; the licensing authority in course of the licensing process will define maximum annual emission values. Germany The legal basis in Germany is, in principle, given by the guidelines of the European Union, which are being transferred into national law. The protection of the environment has the status of a state goal within the Basic Law. Within the complex system of codes and standards, the Federal Immission Control Act (Bundes-Immissionsschutzgesetz, BImSchG) or in long: “Act for the Protection against Harmful Ambient Air Effects by Air Pollution, Noise, Concussion, and Similar Processes” [BGBl-1, 1990] issued first in 1974 describes the aspects of protection of man and environment against and prevention of harmful environmental influences from the Licensing aspects for multi-MW spallation sources with an Hg-target – Comparison of different countries Compiled by R.Moormann/FZJ (15.08.2006)



17



operation of systems containing hazardous substances. It is based on the “principle of origin” or the “causer pays” principle and covers the whole area of immissions. The act is considered a frame law with the details to be defined in separate ordinances and administrative directives.



The fourth Federal Immission Control Ordinance (4th BImSchV) of 1985 [13] contain requirements for the construction and operation of any new plants subject to a license in the general development plan for industrial areas. The Federal Disaster Control Act and the Land Disaster Control Acts and Fire Service Acts detail the requirements for emergency planning in the area surrounding the hazardous facilities. ff-site contingency plans which should be agreed with the competent authorities. The ordinance demands the conduction of a safety analysis to allow statements on the consequences of conceivable accident scenarios for public and environment. It also contains the requirements for the provision of information concerning hazardous activities to the public. A new aspect since the year 2000 is that the ordinance is to be applied to a whole operational r The Major Industrial Accident Ordinance (12th BImSchV or „Störfallverordnung“ of 2000) [14] contains requirements for on-site and oange; quantities of hazardous substances are valid for all plants, infrastructures, and activities of an establishment meaning that a summation over all substances / categories has to be made.



The Ordinance on Immission Values (22th BImSchV) [15] and the Technical Instructions on Air Quality Control (“TA-Luft”) [16] prescribe the immission limits and measurement procedures. The standards for the air at the work place are 0.1 mg/m³ (elemental Hg), 0.01 mg/m³ (organic Hg), 200 µg/l (urine), 25 µg/l (blood). The Technical Instructions on Waste Management (“TA-Abfall”) [TAAbfall] regulate the disposal of hazardous substances. The Chemical Act or Act for Protection against Hazardous Substances of 1980 (“ChemG”) [GSGS, 1980] requires the assessment and characterization of common industrial chemicals which are listed in the Annexes to the Major Industrial Accident Ordinance, and stipulates that hazardous substances be replaced by non-hazardous ones.



The Ordinance for Protection against Hazardous Materials (“GefStoffV”) of 1999 [VSGS] prescribes the employer to take all measures for the protection of life and health of employees and the public as well as of the environment according to the guidelines for workers protection and accident prevention. In addition, an ordinance on mothers’ protection has been issued in 1997 to protect female workers when handling substances, which are deemed reproduction-toxic. Establishments, which handle hazardous materials, have the obligation to list all respective substances within a certain section including classification, hazardous properties, quantities, and the work areas where they are dealt with. This list must be checked and updated at least once a year and has to be made available to the authorities if requested. Further obligations are the control and labelling of Licensing aspects for multi-MW spallation sources with an Hg-target – Comparison of different countries Compiled by R.Moormann/FZJ (15.08.2006)
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these materials, information to the employees, and the issuance of operation instructions.



If a release of hazardous materials cannot be precluded, it has to be determined whether the Maximum Work Place Concentration (MAK), the Technical Standard Concentration (TRK), which is achievable by state-of-the-art technical means and fixed for substances, for which no MAK values exist, or the Biological Work Place Tolerance (BAT) values be exceeded. Respective values are defined in the Technical Rules for Hazardous Substances (TRGS). MAK values are defined in the TRGS 900 on “Limits in the Air at the Work Place” [TRGS 900]; TRGS 903 [TRGS 903] contains the BAT values. MAK values must not be exceeded during an eight-hour shift; they are completed by an “exceeding factor” for short-term exposure. MAK values for Hg are 0.01 ppm or 0.1 mg/m³ (met., inorg.) with an exceeding factor of 4 and 0.01 mg/m³ (methyl), respectively. A threshold for initiating protection measures is usually defined at the 25 %, sometimes 10 % level of the MAK value. The TLV of Hg is 0.025 mg/m³ time-weighted average (skin). The threshold is also considered exceeded, if the surveillance of the MAK value is not guaranteed.



The VDI guideline 2310 provides standard data for Maximum Immission Concentration or MIK values based on a reference time interval between 0.5 h and 1 yr. They are expected to support decisions on the valuation of air pollution. The respective section on mercury is still under construction. Also the Committee of the “Deutsche Länder” on Immission Protection (LAI) has issued proposals for immission limiting values. The respective data for Hg are 0.05 g/m³ for man and 1 g/(m² d) for man, fauna, eco system. Both are orientation values based on a 1-yr reference interval. With respect to aquatic systems, mercury is deemed a severely water jeopardizing substance classified as WGK 3.



In case of exceeding MAK and BAT values, technical measures must be taken to mitigate the exposition. An occupation-related poisoning with Hg as well as Hg-induced occupational diseases are subject to mandatory reporting to the Employer’s Liability Insurance Association (“Berufsgenossenschaft”).



Since respective threshold values from the Seveso II directive were taken over, this ordinance would also not apply to EURISOL. Nevertheless it is expected, that a (toxicological) consequence estimation regarding accidental mercury release is required at least in course of the above outlined radiological licensing process, because a complete picture of consequences - including chemical toxicity - is probably required for radiological relevant accidents.



For the public, the permissible annual doses are those of [EURATOM, 1996], whereas the permissible doses for workers are not yet those of EU-guidelines, but about a factor of 2.5 higher. Licensing aspects for multi-MW spallation sources with an Hg-target – Comparison of different countries Compiled by R.Moormann/FZJ (15.08.2006)
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Sweden The Swedish Environmental Protection Agency is responsible for the monitoring of mercury levels and effects in the environment, the use of Hg in industries and laboratories, release controls, and the final disposal of mercury. All activities involving environmentally hazardous substances must follow the “General Rules of Consideration” of the Environmental Code as legal basis.



Sweden considers mercury as an environmental pollutant and pursues the strategy for risk reduction by phasing out all uses of Hg. The Environmental Government Bill 1990/91:90 of 1990 suggests to abandon Hg use by legislative and voluntary actions, with a few exceptions, by the year 2000. The chloralkaline industry, which currently accounts for the largest annual new addition (= 7 t) of Hg into the national balance, is allowed to continue operation until 2010. The most recent Governmental Bill 2000/01:65 “A Chemical Strategy for a Non-Toxic Environment” [Bill65] demands that Hg may not be used in production processes, unless the producer could prove that neither human health nor the environment would be harmed. The National Board of Health and Welfare has the overall responsibility to evaluate health effects on human beings [Forssell].



The Chemical Products (Handling, Import, and Export Prohibitions) Ordinance (1998:944) issued in 1998 [ChemPro, 1998] includes among other substances mercury regulating commercial import and export, regulating the manufacture of certain Hg containing products, however, granting exemptions from the prohibitions where exceptional reasons exist.



The Municipal Committee, which would be the most likely authority supervising facilities such as EURISOL, is entitled to demand for an operation permit even if it would not be compulsory according to the Environmental Code. Notification must be given to the Municipal Committee containing a technical description sufficient for an assessment of the nature, scope, and environmental consequences of the activity considered. The notification must also include an environmental impact assessment.



Data on exposure limits are published in the Ordinance AFS 1966:2 of the Swedish National Board of Occupational Safety and Health. The upper limit of Hg concentration in the air at the work place is 0.05 mg/m³. USA In the USA, the federal government develops regulations and recommendations to protect public health. The Environmental Protection Agency (EPA), the Occupational Safety and Health Administration (OSHA), the Food and Drug Administration (FDA) and others develop regulations, enforced by law, concerning toxic substances. Recommendations providing guidelines are given, e.g., by the Agency for Toxic Substances and Disease Licensing aspects for multi-MW spallation sources with an Hg-target – Comparison of different countries Compiled by R.Moormann/FZJ (15.08.2006)



20



Registry (ATSDR) and the National Institute for Occupational Safety and Health (NIOSH).



The General Industry Permissible Exposure Limit (PEL), i.e., the maximum allowable exposure (“acceptable ceiling concentration”) set by the OSHA code of regulations under 29CFR1910, subpart Z, [CFR] can be defined as “8 hr time-weighted average” or as “ceiling value”, which should not be exceeded any part of the working day. It is 0.1 mg of metallic or inorganic Hg per m³ for mercury and 0.04 mg/m³ (0.01 8h time-weighted average) for organic mercury. The NIOSH Recommended Exposure Limit (REL) corresponding to suggested industrial practices for airborne Hg exposure is half the above value: 0.05 mg/m³ averaged over an 8-hour work shift and 0.01 mg/m³ for organic and alkyl compounds. The ACGIH (American Conference of Governmental Industrial Hygienists) TLV is 0.025 mg/m³. NFPA (National Fire Protection Agency) rating is Health=3, Fire=0, Reactivity=0 (on the scale of 0 - 4). Spill quantities of greater than 1 pound (= 0.453 kg) must be reported, e.g., to the EPA. The EPA has set a limit of 2 ppb of mercury in drinking water.



While many laboratories indicate that only levels above 15 µg/dl should be considered toxic, a value of 50 µg/g urine is proposed by many experts as a biological threshold limit value for chronic exposure to mercury vapour. In 1980 a World Health Organization study group endorsed this. In unexposed individuals, the amount of mercury in blood is usually less then 2 µg/dl. Levels of about 2.8 µg/dl have to be reported to the Health Department. According to some experts, an average airborne concentration of 50 µg/m³ corresponds to a mercury concentration in blood of about 3-3.5 mg/dl. Early effects of mercury toxicity have been found when the blood concentration exceeds 3 µg/dl [EPA]. Management of laboratory and work place health and safety requires the preparation and implementation of a Chemical Hygiene Plan (CHP) in compliance with OSHA standards.



The EPA has established rules and guidelines for the disposal of mercury in manufacturing and other industries. There are currently no regulations restricting the discharge of mercury down the drain at medical institutes and laboratories. Japan The Japanese public and industries are particularly sensitive to the mercury issue because of several well-publicized disasters of heavy metal pollution of the environment in the 1960s and 70s (e.g., Minamata). They gave rise to Japan setting strict regulations to protect the environment.



The Environmental Agency founded in 1971 established quality standards. Under the Industrial Safety and Health Law of 1972, there are “Guidelines for the Necessary Means to Prevent Health Impairments to Workers due to Chemical Substances”, which include a “Chemical Substances Management Plan” for the work place. In 1974 Japan enacted the Licensing aspects for multi-MW spallation sources with an Hg-target – Comparison of different countries Compiled by R.Moormann/FZJ (15.08.2006)
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Chemical Substances Control Law according to which substances are categorized in Class I or Class II or Designated Substances. Whenever consensus on target values is possible, the Japanese industries regulate voluntarily rather than initiating legislated restrictions. An agreement on a provisional value is reviewed after 5 years.



Long-term (8 h) exposure limits are recommended by the Japanese Society of Occupational Health. The assessment standard for mercury and its inorganic compounds in working environment has been fixed at 0.05 mg/m³; for organic mercury, the limit is 0.01 mg/m³ [Air]. The respective standard for maximum total Hg concentration in ground water, drinking water, and soil is 0.0005 mg/l [Water]. SUMMARIZING TABLE: The following table I contains most relevant information concerning concentration limits for mercury and compounds in different countries. Potable water



Air at place



EU Germany Japan USA



work France



0.001 mg/l 0.001 mg/l 0.0005 mg/l 0.002 mg/l 2 ppb (EPA, FDA) 0.1 mg/m³ inorganic, skin, long-term limit (8 h)



United Kingdom Germany



0.05 mg/m³ long-term exposure limit (8 h) 0.15 mg/m³ short-term exposure limit (15 min) 0.1 mg/m³ elemental and inorganic Hg 0.01 mg/m³ organic Hg 200 µg/l urine 50 µg/l blood (*)



Sweden



NGV 0.05 mg/m³, skin



Japan



0.05 mg/m³ elemental and inorganic Hg 0.01 mg/m³ organic Hg 0.01 mg/m³ alkyl compounds (organic Hg, 8 h time-weighted average) 0.1 mg/m³ organic Hg (OSHA) 0.05 mg/m³ met. Hg vapor for 8-hr shift and 40 h work weeks (OSHA)



USA



(*) This value has been reduced to 25 µg/l blood in 2001.



Table I: Environmental Standards concerning mercury in different countries
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