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1 Introduction  

Protecting the environment has long been an element of radiation protection. However, no 

specific regulations have been put in place for the protection of non-human species as well as 

environmental media such as water, soil and air. 

On 29 September 2011, the European Commission proposed a new Council directive laying 

down basic safety standards for protection against the dangers arising from exposure to ionising 

radiation (Euratom basic safety standards). The German Commission on Radiological 

Protection (SSK) considered the questions of protecting the environment in the context of 

radiation protection with regard to these basic safety standards (SSK 2012). It noted, that 

including the protection of non-human species would add a component to the system of 

radiation protection that has long been an integral part of environmental protection specific to 

toxic chemical substances. The SSK therefore generally supported the proposal of the Euratom 

basic safety standards to explicitly include the protection of the environment in the regulatory 

domain of radiation protection. It pointed out, though, that the effects of radiation on non-

human species are still a matter of great uncertainty. Also, a range of aspects still demand 

specific regulating before harmonised implementation of the standards can occur Europe-wide.  

The introductory chapter of Directive 2013/59/Euratom (Euratom 2014) alluded to the fact that 

environmental criteria based on internationally recognised scientific data should be considered 

in order to establish long-term human health protection. In its recommendations of 

12 December 2013 (SSK 2013), the SSK responded to the questions directly concerning the 

implementation of this recommendation and the corresponding demand expressed in Article 65 

of the Directive 2013/59/Euratom. It regarded the preamble of the Directive 2013/59/Euratom 

as a call for protecting the environment against the adverse effects of ionising radiation. 

Furthermore, the wording of Article  65 implies that the compliance with environmental criteria 

must be demonstrated. The SSK interpreted this as a request to also protect non-human species 

from the adverse effects of ionising radiation. Accordingly, it recommended using the ICRP 

Publication 108 (ICRP 2008) as a basis for putting these requirements into practice. Referring 

to a study (Öko-Institut 2012), the SSK considers the protection of animals and plants to be 

implicit provided that compliance with the limits for doses received by the reference person 

resulting from discharges of radionuclides with exhaust air and wastewater from practices1 has 

been demonstrated in accordance with the General Administrative Regulation (AVV) relating 

to Section 47 Radiation Protection Ordinance (StrlSchV; BMU 2012). Screening in individual 

cases is deemed unnecessary. Also, according to the SSK, additional generic limits to 

discharges or the stipulation of upper limits for the activity of radionuclides in environmental 

media is dispensable with regard to protecting plants and animals. The SSK identified, however, 

a need for further clarification regarding the assessment of exposure situations involving 

naturally occurring radionuclides.  

                                                 

1 According to the definitions in § 3 (1) StrlSchV practices include:  

a)  the operation of installations for the generation of ionizing radiation,  

b)  the addition of radioactive substances to the manufacture of certain products or the activation of such  

 products,  

c)  any other practices which may increase radiation exposure or contamination  

 aa)  as they involve man-made radioactive substances or   

 bb)  as they involve naturally occurring radioactive substances and if these practices are carried out due to 

  the radioactivity of these substances or in order to use these substances as nuclear fuel or to produce 

  nuclear fuel. 
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This recommendation summarises the previous statements of the SSK on the topic of "Pro-

tecting the environment in the context of radiation protection". It addresses how implementation 

must be approached in different exposure situations and discusses further aspects which may 

be relevant when evaluating radioactivity in environmental assessments. This recommendation 

replaces the SSK recommendations from 2012 and 2013. 

This SSK recommendation is intended as a methodical framework for the Federal Environment 

Ministry which provides an approach consistent with the latest scientific research for the 

detection and evaluation of radioactive environmental contamination in Germany. With this 

approach the existing gap in the coverage of radiation protection, which to date only focusses 

on the adverse effects on human health, is to be closed by supplementing radiation protection 

with another component on non-human species and other environmental assets (see Chapter 3). 

2 Advisory mandate  

In its letter of 8 January 2008, the Federal Ministry for the Environment, Nature Conservation 

and Nuclear Safety (BMU) asked the SSK to recommend standards for the protection of the 

environment in the context of radiation, which take into account  

 the concepts of conventional environmental protection, 

 the results of the EU projects FASSET, ERICA and PROTECT, 

 the current state of discussion of the ICRP and 

 the concept developed by the Federal Office for Radiation Protection (BfS) for the 

protection of nature (BfS 2010).  

In this context, it should also be examined how the principles of environmental protection such 

as the principle of sustainability can be applied with respect to radioactive substances. Natural 

radionuclides should be given special attention.  

3 The term environment and areas of application  

In Germany, the term "environment" defines within a specific area the entire system of people, 

the natural balance and landscape, cultural assets, other material assets as well as the 

interrelationships between these objects of protection. 

The natural balance as part of this collective environmental system comprises natural 

components water, soil, air, the climate, plants and animals as well as the interactions between 

such components (Federal Nature Conservation Act – BNatSchG 2009, Section 7).  

Humans, animals and plants as well as other living organisms can be directly affected by 

ionising radiation. Environmental media such as water, soil and air if contaminated by 

radioactive substances can indirectly contribute to adverse effects on organisms and can also 

negatively impact their ecological and economic functions.  

Consequently, the SSK regards humans, animals, plants and other organisms2 as well as water, 

soil and air as objects of protection, which are to be considered in radiation protection. The 

protection of human health has implicitly been taken care of by the long-standing radiation 

                                                 

2  "Non-human species" will be used as a generic term for animals, plants and other organisms.  
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protection goal “protection of members of the public”. Therefore, it is not the subject of this 

recommendation. In agreement with the principles of environmental protection, the SSK 

regards the protection of human health as the prime objective of environmental protection in 

the context of radiation protection. As far as non-human species are concerned, the protection 

objectives lie in preventing or reducing the frequency of adverse radiation effects to a level 

where radiation only has negligible effects on the conservation of biological diversity and the 

preservation of species. In this respect, possible changes to the size and structure of populations 

must be considered as the crucial biological endpoints. According to the SSK, the following 

topics present the areas of application for the recommendations described in the next chapter:  

(a) The assessment of the protection of non-human species in planned and existing exposure 

situations,  

(b) the assessment and justification of measures to be taken following emergency situations 

involving significant, long-term effects on the environment,  

(c) the assessment of changes in environmental radioactivity affecting large areas (e. g. in the 

oceans or in the atmosphere), 

(d) the fulfillment of international obligations of the Federal Republic of Germany in the area 

of nuclear energy and radiation protection (Section 1 no. 4 Atomic Energy Act, AtG 1985).  

The following areas of application are not considered in this recommendation of the SSK: 

 The provisions for protecting the public from the adverse effects of ionising radiation, 

which have already been defined in radiation protection, 

 any aspects of environmental protection concerning plants approved under nuclear law or 

radiation protection law or processes monitored under radiation protection law, which are 

not associated with ionising radiation or radionuclides emitting such radiation (e. g. noise, 

traffic, changes to landscapes),  

 the effects of non-ionising radiation (NIR) such as electromagnetic fields, UV radiation 

etc. on the environment, 

 the radiological consequences of uncontrolled natural changes occurring within the natural 

balance (e. g. volcanic eruptions, radon in the event of earthquakes).  

The recommendation does not apply to the radiation protection areas in the sense of 

Section 36 Radiation Protection Ordinance (StrlSchV) as these are subject to occupational 

radiation protection.  

4 Recommendations 

The following recommendations by the SSK describe a conceptual and methodical framework 

for establishing environmental protection as an integral part of radiation protection. Based on 

the definition of the environment and its prior recommendation (SSK 2003), the SSK believes 

it is necessary to not limit environmental protection in the context of radiation protection to the 

protection of non-human species, but also to include the protection of environmental media and 

material assets and to consider questions of sustainability. 
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Recommendation 1: The concept of environmental protection in the context of radiation 

protection should, in addition to non-human species and 

ecosystems, also include the environmental media water, soil, air 

and material assets as well as the aspect of sustainability.  

According to the SSK, the systematic integration of the environment in radiation protection 

described in Recommendation 1 does not require that specific provisions for all objects of 

protection are defined within the radiation protection system. Rather, within the realm of the 

standards described in these recommendations, it can be assumed that no relevant risk exists for 

non-human species as long as the protection of human health has been ensured in accordance 

with the standards of radiation protection (cf. ICRP 1991).  

However, as ionising radiation resulting from environmental contamination generally does not 

have any immediate adverse effects on the environmental media water, soil and air or on 

material assets, it must be clarified on which basis these environmental objects of protection 

are to be assessed within the scope of radiation protection.  

For these reasons, the SSK is issuing recommendations regarding the following aspects of 

environmental protection: 

 Conceptual clarification as to which methods can be used to measure and evaluate if the 

adverse effects of ionising radiation on non-human species lower biological diversity or 

impair the performance and functioning of the natural balance including its regenerative 

capacity and its long-term usability (cf. Section 1 Federal Nature Conservation Act 

(BNatSchG).  

(see recommendations 2, 3) 

 Description of the practical application of the basic principles of radiation protection to 

the protection of non-human species in different exposure situations.  

(see recommendations 4 to 8)  

 Clarification of the requirements for the protection of water, soil and air with respect to 

the aspects of radiation protection and the requirements for these environmental media 

in the view of sectoral environmental law.  

(see recommendations 9 to 11) 

 Consideration of significant disadvantages for the individual or the public through 

radioactive contamination of material assets and cultural assets as part of a wider scope 

of radiation protection of the environment.  

(see recommendations 12 to 15) 

 Specification of the principle of sustainability with respect to radiation protection.  

(see recommendations 16 to 20) 

4.1 Protection of non-human species  

With respect to the integration of the protection of non-human species in radiation protection 

in Germany, the SSK recommends that the following basic principles be heeded: 

Recommendation 2: Radiation protection of non-human species should be based on the 

recommendations of the ICRP. To assess the radiation exposure of 

non-human species, only the 12 reference animals and plants 

(RAPs) listed in ICRP publication 108 are to be used as 



Protecting the Environment in the context of Radiation Protection - Recommendation of the SSK (German 
Commission on Radiological Protection) 8 

 

representatives of organism groups and a weighted energy dose3 as 

a parameter for the radiation exposure of RAPs. These RAPs are 

defined with the German terms specified in Table 4 of the 

background of the recommendation. 

In order to assess radiation exposure, only the 75 radionuclides 

from ICRP publication 108, the dose conversion factors for these 

nuclides listed in ICRP publication 108 as well as the concentration 

ratios for the corresponding chemical elements listed in ICRP 

publication 114 (ICRP 2009) are to be used. This requires either 

measuring or determining the contamination of the environmental 

media acting as a radiation source by means of dispersion and 

transfer models. 

Until internationally accepted values for radiation weighting 

factors for non-human species are in place, the values published by 

(Ulanowski et al. 2008) which have been used to date by the ICRP 

should be adopted. 

The SSK clarifies that the weighted energy dose, as a parameter for 

the radiation exposure of non-human species, and the effective 

dose, as a parameter for the radiation exposure of humans, are not 

directly comparable as each of them is based on different dose 

concepts and models. 

Recommendation 3: The assessment of the radiation exposure of the RAPs should occur 

with reference to the bands of the dose rates prescribed by the 

ICRP, the so-called "Derived Consideration Reference Levels" 

(DCRLs), for the respective reference organism. The ICRP 

introduced these levels as aggregates of the dose rates (sum of 

man-made and natural dose contributions).  

For the application of these basic standards for different exposure situations, the SSK 

recommends:  

Recommendation 4: Compliance with the protection objectives including the 

preservation of species and the conservation of biological diversity 

can be assumed if the radiation exposure is below the upper levels 

of the respective DCRL bands relevant for all RAPs in that 

particular exposure situation. This can be considered as implicit if 

the levels listed in Annex 1 are not exceeded. For a mixture of 

radionuclides the sum formula given in Appendix IV Part A 

Radiation Protection Ordinance (Strahlenschutzverordnung  

StrlSchV) has to be applied. 

Recommendation 5: Limits for radiation exposure of non-human species should not be 

introduced. 

Recommendation 6: If valid radiation protection regulations are applied and in planned 

exposure situations as defined by the Directive 2013/59/Euratom, 

the upper levels of the DCRL bands will not be exceeded. 

                                                 

3  The absorbed energy dose multiplied with the radiation weighting factors  
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Therefore, the consideration of the radiation exposure of non-

human species is dispensable for these exposure situations. 

Recommendation 7: With respect to existing exposure situations, the RAPs should be 

appropriately considered in the optimisation process provided that 

exposures above the upper levels of the DCRL bands occur as a 

result of anthropogenic changes. 

Recommendation 8: In emergency exposure situations, radiation protection of humans 

must always be paramount. If in such situations water, soil or 

plants have been contaminated, measures to remove such 

contamination should only be considered if they directly serve to 

protect humans. The protection of non-human species should, 

however, be included when evaluating other courses of action in 

late phases of emergency exposure situations.  

4.2 Assessment of radioactive contamination of environmental media  

Recommendation 9: The SSK recommends regarding the environmental media water, 

soil and air as objects of protection.  

Recommendation 10: Radioactive contamination of the environmental media water and 

soil in planned exposure situations should be considered as 

negligible with respect to the protection of non-human species as 

well as ecosystems if the lower limits of the DCRL bands are not 

exceeded. This can be assumed if one tenth of the respective levels 

listed in Annex 1 is not exceeded. For a mixture of radionuclides 

the sum formula given in Appendix IV Part A Radiation Protection 

Ordinance (Strahlenschutzverordnung  StrlSchV) has to be 

applied. 

 If the protection of non-human species and ecosystems is to be 

assessed separately from the protection of humans in existing or 

emergency exposure situations, the upper levels of the DCRL bands 

must be consulted as a benchmark.  

Recommendation 11: The SSK does not believe it is necessary to introduce values for the 

assessment of radioactive contamination of the air according to 

ecotoxicology criteria.  

Recommendation 12:  Whether an input of radionuclides to the groundwater can be 

considered as negligible depends on a number of criteria. It should 

be clarified, which criteria are relevant before assessing planned or 

existing changes to groundwater quality which are caused by 

radionuclides. With respect to the ecotoxicological requirements of 

negligibility as defined by water law, the SSK refers to 

Recommendation 10. 

 Adverse changes to groundwater quality by radionuclides should 

only be assessed according to the standards of radiation protection.  

Recommendation 13: In connection with the clarification according to recommendation 

12, guidelines for the application of the parameters for radioactive 
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substances of the Drinking Water Ordinance (Trinkwasserver-

ordnung/TrinkwV 2001) should be established with a focus on 

assessing disadvantageous changes to groundwater quality.  

4.3 Radioactive contamination of material assets 

The radioactive contamination of material assets can, independent of the radiological effects on 

humans or (e.g. in the event of soil contamination) on non-human species, restrict the usability 

of these material assets and lead to significant disadvantages for the respective owners. 

According to the SSK, it is necessary to consider such contamination when planning for 

emergency exposure situations. Furthermore, contamination within the economic cycle should, 

based on a more extensive analysis of radioactivity in environmental assessments, be identified 

directly at its place of origin to avoid uncontrolled input into the material flows of the economy.  

The SSK therefore recommends: 

Recommendation 14: Radionuclides in or on material assets may negatively impact 

technical usability or lead to substantial disadvantages with respect 

to economic use up to and including disposal. They should therefore 

be identified and accounted for during environmental assessments.  

 Even plants where practices do not require licensing may be the 

origin of radioactively contaminated materials that have a negative 

economic impact on material assets and particularly on waste. 

Therefore, the respective plant types should be identified e. g. by 

analysing incident reports regarding radiation alarms at disposal 

companies.  

Recommendation 15: Suitable provisions should be defined for the handling, 

decontamination, reuse or disposal of material assets, whose 

radionuclide concentration has been increased as the result of 

existing or emergency exposure situations.  

4.4 Application of the principle of sustainability  

The principle of sustainability is a strategic concept in environmental policy. Its elements 

should be treated as strategic management principles to ensure sustainable development and as 

such should also be made an integral part of environmental protection in the context of radiation 

protection. Objectives to be attained are the protection of human health and the protection of 

non-human species. Also, it should be ensured that sufficiently negligible contamination of 

environmental media remains stable over time. This exceeds the scope of any precautionary 

principle. To achieve strong sustainability, the latter must be applied, though, as an instrument 

both of risk prevention and resource preservation when decisions are taken in relation to 

substantial environmental effects. Based on these considerations, the SSK recommends:  

Recommendation 16: Regional or local trends of radioactive contamination of the 

environment, which in the absence of suitable measures can result 

in radiologically relevant contamination should be evaluated from 

the point of view of precaution. Any undesired developments 

should be counteracted. The generally limited duration of planned 

discharges must be taken into account during such an assessment.  

Recommendation 17: Long-term changes to the concentrations of radionuclides 

impacting large areas up to and including a global level which are 
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not within the reach of national legislation, should be tackled 

internationally, provided these changes are likely to lead to 

radiologically relevant contamination of material assets and raw 

materials or to exposures for humans that cannot be disregarded 

from the radiation protection point of view. In order to achieve this 

objective, the changes in the concentration of long-lived 

radionuclides in environmental media should be monitored. To do 

so, data from established monitoring programmes should be 

analysed with a focus on this aspect. 

Recommendation 18: For plants which are subject to monitoring under radiation 

protection law and which discharge radionuclides into environ-

mental media, it should be verified that the implementation of 

measures to reduce emissions can achieve a reduction of the dis-

charges according to the ALARA principle at a reasonable cost. 

This should be done during licensing or the modification of an 

existing license independently of monitoring programmes and 

actual contamination developments.  

Recommendation 19: In order to respond to changes in environmental contamination 

over time, the existing monitoring programmes for the environ-

mental media water, soil and air must be assessed at reasonable 

intervals to verify that they are sufficiently comprehensive and 

suitable, observing the state of the art of science and technology, to 

recognise increasing trends with long-term effects. If such long-

term trends are identified, the monitoring programmes must be 

devised such that they are suitable for identifying causes and 

defining measures with the aim of reversing a respective trend. 

Recommendation 20:  In the event of planned exposure situations extending over periods 

of time, which can no longer be controlled by people (e. g. radio-

active waste disposal in deep geological repositories), the concept of 

precaution should not be designed as an axiom of concern (accor-

ding to the Water Resources Act  Wasserhaushaltgesetz WHG) 

and sustainability should not be evaluated based on improbable 

developments.  

In terms of the final disposal of radioactive waste, the possibility of 

radiation exposure of the employees handling the waste now or in 

the new future may not be neglected when considering the pro-

tection of the environment and humans in the distant future.  
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Annex 1 Levels for assessing radioactive contamination of the 
soil and water bodies with respect to the protection of 
non-human species 

Tab. A-1: Levels for the specific activity in the soil ("terrestrial"), of the activity 

concentration in inland waterbodies ("limnic") and the activity concentration in 

coastal waters or the ocean ("marine") for which the radiation exposure of RAPs 

(with the highest sensitivity to specific nuclides) corresponds to the upper levels 

of the DCRL bands (ICRP 2008) 

Nuclide 
terrestrial 

Bq/kg 
limnic Bq/l 

marine 
Bq/l 

H-3 3.4 x 104 1.7 x 107 5.1 x 107 

C-14 1.1 x 103 3.4 x 102 1.2 x 103 

P-32 8.0 x 101 1.5 1.2 x 101 

P-33 6.9 x 102 1.3 x 101 9.4 x 101 

S-35 9.4 x 103 5.9 x 103 6.0 x 106 

Cl-36 3.8 x 104 1.1 x 104 3.5 x 106 

K-40 5.6 x 105 1.7 x 106 2.8 x 106 

Ca-45 1.8 x 105 7.6 x 103 2.3 x 106 

Cr-51 2.9 x 106 2.8 x 105 1.5 x 105 

Mn-54 1.0 x 105 2.1 x 103 1.9 x 103 

Co-57 9.3 x 105 7.2 x 103 2.0 x 104 

Co-58 8.1 x 104 2.7 x 103 9.7 x 103 

Co-60 3.4 x 104 1.2 x 103 4.2 x 103 

Ni-59 2.1 x 107 1.6 x 104 2.3 x 104 

Ni-63 1.5 x 107 1.2 x 104 1.7 x 104 

Zn-65 1.4 x 105 2.1 x 102 3.0 x 102 

Se-75 1.7 x 105 1.4 x 103 1.1 x 103 

Se-79 1.2 x 106 2.2 x 103 1.3 x 103 

Sr-89 5.8 x 104 1.0 x 102 3.7 x 104 

Sr-90+ 3.0 x 104 5.4 x 101 2.1 x 104 

Zr-95 1.1 x 105 8.9 x 102 8.7 x 103 

Nb-94 5.1 x 104 2.7 x 103 4.0 x 104 

Nb-95 1.0 x 105 6.6 x 103 1.2 x 105 

Tc-99 1.9 x 106 6.0 x 104 1.9 x 102 

Ru-103+ 1.7 x 105 5.8 x 104 1.9 x 104 

Ru-106+ 1.3 x 105 8.7 x 103 2.9 x 103 

Ag-110m+ 2.9 x 104 5.0 x 103 8.9 x 101 

Cd-109+ 8.9 x 104 1.6 x 103 5.3 x 102 

Sb-124 1.6 x 104 1.7 x 102 1.4 x 103 

Sb-125 5.7 x 104 5.9 x 102 4.0 x 103 

Te-129m+ 3.8 x 105 5.4 x 102 1.4 x 102 

Te-132 3.1 x 104 3.7 x 102 1.2 x 102 

I-125 2.2 x 106 1.7 x 104 1.1 x 104 

I-129 1.7 x 106 1.1 x 104 6.2 x 103 

I-131 1.8 x 105 4.4 x 103 2.6 x 103 

I-132 3.3 x 104 1.4 x 103 1.1 x 103 

I-133+ 1.0 x 105 2.2 x 103 1.4 x 103 

Cs-134 3.6 x 104 1.2 x 103 7.9 x 104 

Cs-135 6.6 x 105 6.2 x 103 4.0 x 105 
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Nuclide 
terrestrial 

Bq/kg 
limnic Bq/l 

marine 
Bq/l 

Cs-136 2.7 x 104 1.1 x 103 7.0 x 104 

Cs-137+ 6.9 x 104 1.3 x 103 8.8 x 104 

Ba-140+ 3.0 x 104 4.6 x 102 5.1 x 102 

La-140 3.7 x 104 1.2 x 103 2.6 x 102 

Ce-141 1.6 x 106 2.1 x 103 4.5 x 103 

Ce-144+ 1.9 x 106 3.1 x 102 8.8 x 102 

Eu-152 7.7 x 104 1.6 x 104 1.1 x 103 

Eu-154 7.1 x 104 9.9 x 103 6.9 x 102 

Eu-155 2.8 x 106 5.9 x 104 3.7 x 103 

Ir-192 1.0 x 105 3.2 x 104 3.0 x 103 

Pb-210+ 3.0 x 106 1.8 x 104 5.0 x 102 

Po-210 3.4 x 104 3.0 x 101 1.1 

Ra-226 5.9 x 103 2.7 4.7 x 101 

Ra-228 8.8 x 104 9.8 x 102 1.9 x 104 

Th-227 1.3 x 105 1.5 5.1 

Th-228 2.3 x 104 2.7 x 10-1 9.4 x 10-1 

Th-229+ 1.5 x 105 1.8 6.1 

Th-230 1.6 x 105 1.8 6.4 

Th-231 1.1 x 107 4.0 x 102 1.5 x 103 

Th-232 1.9 x 105 2.1 7.6 

Th-234+ 3.8 x 106 9.9 x 101 4.7 x 102 

Pa-231 3.4 x 104 1.9 x 101 1.4 x 102 

U-233 2.8 x 104 3.8 x 102 5.1 x 102 

U-234 2.8 x 104 3.9 x 102 5.2 x 102 

U-235+ 3.0 x 104 4.2 x 102 5.6 x 102 

U-238 3.2 x 104 4.4 x 102 5.9 x 102 

Np-237+ 3.5 x 104 2.0 x 101 2.8 x 102 

Pu-238 3.1 x 104 1.8 x 101 5.5 

Pu-239 3.3 x 104 1.9 x 101 5.9 

Pu-240 3.2 x 104 1.9 x 101 5.8 

Pu-241 1.2 x 108 6.9 x 104 2.2 x 104 

Am-241 6.7 x 104 1.6 x 101 6.9 x 101 

Cm-242 6.0 x 104 1.5 x 101 1.4 

Cm-243 6.2 x 104 1.5 x 101 1.5 

Cm-244 6.4 x 104 1.5 x 101 1.5 

Cf-252 2.8 x 104 1.6 x 101 6.3 x 101 

 


