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INTRODUCTION 
 
Tools for assessing whether the environment is protected from the effects of ionising radiation 
need benchmark numerical values (dose rates, doses or activity concentrations) against which 
the assessment results can be compared. However, the issue of benchmark values has not been 
rigorously addressed during the development of radiological environmental protection tools 
over the last decade. Whilst, most approaches (e.g. those used in the UK and USA) make 
reference to IAEA (1992) and UNSCEAR (1996), the derivation of guideline dose rate values 
in these publications is not transparent. The EURATOM project ERICA (see 
http://www.ceh.ac.uk /protect/ERICAdeliverables.html) established a radiation effects 
database (FREDERICA) (Copplestone et al., in press) which can be used as a source of 
information to derive predicted no effect or effect levels (Garnier-Laplace et al., 1996).  
 

This paper describes the interim outputs from the EURATOM funded project PROTECT 
(http://www.ceh.ac.uk/protect) which will propose benchmark values that can be used for 
guidance in regulatory processes. Important steps on the way to suggesting benchmark values 
are decisions on appropriate protection goals (e.g. the level and target of protection) and the 
method of deriving values corresponding to these protection goals. Furthermore, 
environmental protection goals and methods for deriving corresponding benchmark values 
concerning ionising radiation should be consistent with those for other hazardous substances 
if appropriate and feasible.  
 

 
PROTECTION GOALS 
 
Current quoted aims regarding environmental radiation are generally of an aspirational and 
unspecific nature such as “protect the environment” (Hingston et al., 2007). To make them 
practicable and achievable, and thus useful to guide regulation, the aims need to be more 
precise and expressed as measurable protection goals. Protection goals could be set at 
different levels the two extremes being: 1) to protect all individuals of all species and 2) to 
simply ensure ecosystem function.  

Protection at the level of individuals is only commonly used in environmental legislation for 
rare and endangered species and is not used to set the framework for regulation of 
environmental stressors such as chemicals. If the aim is to protect ecosystem function, then 
arguably only keystone species need to be considered; this may only need to be the least 
(radio)sensitive species capable of performing critical ecosystem functions. However this 
approach would raise questions about our ability to identify keystone species, their 
dependency on other species, and the ability for the environment to respond to future 
challenge. Furthermore, this level of impact is unlikely to be acceptable to most stakeholders 
not least because those species which we ‘care’ about are likely to be among the most 
affected. 

http://www.ceh.ac.uk/protect


 
The most commonly used approach for environmental regulation is to protect at the level of 
the population. In this case it could be acceptable if individuals are severely affected as long 
as this does not threaten the viability of the population. Protection of populations will by 
definition ensure sustainable ecosystem function. Using this approach, special attention may 
be needed to ensure that the exposure assessment for keystone, rare or endangered species, or 
species of symbolic value is as realistic as possible. 
 

Following consultation, PROTECT recommends that the protection goal should be: To 
protect the sustainability of populations of the vast majority of species and thus ensure 
ecosystem function now and in the future. Special attention should be given to keystone 
species and other species of particular value. 
 

 
IMPLEMENTATION OF THE RECOMMENDED PROTECTION GOAL 
 
The available frameworks for radiological assessments of the environment use a tiered 
approach where the result of the exposure assessment at each tier is compared with a 
‘benchmark’ in order to quantify the likely risk. Starting with a highly conservative, simple to 
use, screening level, the assessment process continues, if needed, with progressively more 
refined, user-driven assessments.  
 

The application of a screening tier enables sites potentially at risk to be identified whilst 
excluding from further assessment those which present no risk with a high degree of 
confidence whilst using minimal resources. This represents a proportionate risk based 
approach to regulation. To achieve this, we need a simple, ideally generic, conservative 
benchmark which can be applied across species and preferably ecosystems. This benchmark 
value is hereafter referred to as the generic screening level.  
 

In some circumstances when the available frameworks have been applied using provisional 
generic screening levels expressed as a dose rate(s), the most limiting organisms (i.e. the most 
exposed organisms) are those which are generally considered to be the least radiosensitive 
(e.g. phytoplankton/lichen). This is a consequence of using dose rate, in contrast to 
environmental concentration, as the benchmark. At a given environmental concentration, the 
exposure differs between organism groups depending on differing uptake rates and 
behaviours.  This contrasts to the use of concentration based benchmarks for chemicals which 
intrinsically incorporate differences in uptake. Put simply, if in a chemical assessment a given 
benchmark is exceeded then some species will be at risk whereas in a radiological assessment, 
the most exposed species will be identified and these may not necessarily be at risk. On the 
basis of this, we recommend ‘taxonomically’ derived benchmarks for use in more refined 
assessments if the generic screening level has been exceeded. Within the assessment process, 
exceeding these values would highlight concern over the level of potential impact and trigger 
management action (e.g. optimise processes to reduce discharges). There may be reasons why 
exceeding the trigger levels can be justified (e.g. for social and economic benefits). They are 
not prescriptive limits which must not be exceeded. 
 

During consultation by PROTECT, the need for a prescriptive limit which must not be 
exceeded was suggested by a number of regulators. A number of reasons to justify this were 
discussed and include: the need to be consistent with the approach for human radiological 
protection; a requirement to have a robust, defensible regulatory action level above which it is 
likely that significant harm would be caused to the environment; and a value which can act as 
an upper threshold below which the regulatory action would be to encourage optimisation of 



operational practices to drive environmental dose rates to a level close to or below that of the 
trigger level. This value is hereafter referred to as the management action level. 
 

 
DERIVATION OF ’BENCHMARK’ VALUES 
 
The existing benchmark values suggested for radiological environmental protection (IAEA, 
1992; UNSCEAR, 1996) appear to have all been derived using expert judgement and not a 
scientifically justifiable and transparent approach. Following consultation, PROTECT has 
decided to make use of quantitative approaches described within the EC Technical Guidance 
Document (TGD1) for chemical assessments. The TGD outlines deterministic and 
probabilistic methods which can be used to obtain a predicted no effect dose rate (PNEDR) 
for use in a radiological environmental assessment. The deterministic approach could be 
applied where we have small data sets and involves the application of assessment factors (AF) 
to the no observed effect dose rate (NOEDR) taken from experiments described in the 
scientific literature. The TGD provides advice on the AFs to be applied depending upon the 
available information. 
 

The probabilistic approach is a statistical extrapolation method referred to as a species 
sensitivity distribution (SSD) and can be used if a sufficiently large data set of NOEDRs, or 
its equivalent, are available (at least 10 values from suitable range of taxa). The main 
assumptions underlying the statistical extrapolation approach are that: the distribution of 
species sensitivities follows a theoretical distribution function; and the group of species tested 
is a random sample of this distribution. An advantage of this method is that it uses the whole 
sensitivity distribution of species in an ecosystem to derive the PNEDR instead of always 
taking the lowest NOEDR as used within the assessment factor approach. 
 

The FREDERICA database has been shown to contain sufficient radiation effects data to 
enable the use of the SSD approach to determine PNEDR (Garnier-Laplace et al., 2006). 
Whilst a NOEDR may be reported for a given study, it is possible that this may be well below 
the true NOEDR depending upon the number of experimental dose rates used. An accepted 
alternative is to approximate the true NOEDR by determining the dose rate corresponding to 
the 10% effect compared with a control group (EDR10) by statistical extrapolation of the dose 
response data for an individual study. We have adopted the EDR10 approach. 
 

Generic screening level: The TGD recommends that the PNEDR should be set using the 5th 
percentile (or HDR5

2) of the distribution of the EDR10 values divided by an AF ranging from 
1-5 to be justified on a case by case basis. Within chemical assessments, a larger AF has been 
applied in cases where the taxonomic spread within the data set has been limited. Within 
PROTECT, we have adopted the TGD approach using all available data for aquatic and 
terrestrial ecosystems in order to produce an ecosystem generic PNEDR. Despite this wide 
range of taxonomic groups included in the generic SSD we have applied an AF of 5 in order 
to ensure that we have addressed: 1) overall quality of the database (including coverage of all 
sensitive lifestages); 2) diversity of the taxonomic groups covered; 3) statistical uncertainty 
around the 5  percentile estimate; 4) that the data used are for external gamma irradiation 
only. Applying an AF of 5 also maintains a high degree of conservatism as required for this 
stage of the assessment. 

th

                                                 

1 See http://ecb.jrc.it/home.php?CONTENU=/DOCUMENTS/TECHNICAL_GUIDANCE_DOCUMENT/ 
2 The HDR5 is the hazardous dose rate effecting 5% of the species 



Trigger levels: As described above, species vary in the radiosensitivity and consequently 
when undertaking a more refined assessment using a single screening value for all species is 
inappropriate. Based on the relative radiosensitivities of different wildlife taxa to acute 
radiation exposure (UNSCEAR, 1996) the following groups are proposed for deriving the 
trigger levels: vertebrates, invertebrates, higher plants, ‘lower plants’ (e.g. phytoplankton). 
 

Where possible the same statistical approach as that used to derive the generic screening level 
should be applied (i.e. inputting EDR10 values to derive the HDR5) for the dose response data 
from the wildlife groups to derive specific PNEDRs. However depending upon the quality 
(representativeness) and quantity of this data, an AF of between 1 and 5 should be applied to 
the HDR5 with the value of the AF being determined on a case by case basis to produce the 
trigger values for use in the radiological assessments. 
 

Currently there are too few data to determine a PNEDR for each wildlife group using the 
statistical extrapolation approach. Therefore, in the interim, we recommend that either: 1) the 
deterministic approach as outlined in the TGD should be used to derive the wildlife group 
specific trigger values; or 2) a trigger value based on the PNEDR for the next most 
radiosensitive wildlife group should be used. It is probable that acute radiation effects data 
will have to be used for this (e.g. UNSCEAR, 1996). It is likely that the lowest taxonomic 
trigger value will be lower than the generic screening value derived as described above; if this 
is the case then the lowest taxonomic trigger will be suggested as the generic screening value. 
 

Management action level: Whilst the generic screening and trigger levels can be proposed in a 
scientifically justified and defendable manner, the use of a value to determine when 
regulatory action should be taken is reliant on the determination of what is an unacceptable 
and equates to ‘significant harm’. This relies on stakeholders determining what is 
(un)acceptable and cannot be prejudged scientifically. There appears to be no widespread use 
of this type of action level within chemical assessments an exception being sediment quality 
guidelines. It is possible to suggest how the statistical extrapolation approach could be used to 
help in the management decision making process by generating different levels of potential 
impact (e.g. by taking the 50th percentile of the EDR10 distribution or 20th percentile of the 
EDR25 distribution etc). PROTECT will provide a range of tabulated effect levels and 
percentiles which may prove to be useful to decision-makers. 
 

Note the work described here is an on-going process with wide consultation and hence the 
terminology used etc. may change as the rationale is further developed. 
 

REFERENCES 
Copplestone D., Hingston J.L., and Real A. (in press) The Development and Purpose of the FREDERICA 
Radiation Effects Database. J. Environ. Prot. 
Garnier-Laplace, J., Della-Vedova, C., Gilbin, R., Copplestone, D., Hingston, J., Ciffroy, P., 2006. First 
Derivation of Predicted-No-Effect Values for Freshwater and Terrestrial Ecosystems Exposed to Radioactive 
Substances. Environ. Sci. Technol. 40(20), 6498-6505. 
Hingston, J.L., Andrsson, P., Beresford, N.A., Brown, J., Copplestone, D., Garnier-Laplace, J., Howard, B.J. and 
Whitehouse, P., 2007. A review of approaches to protection of the environment from chemicals and ionising 
radiation: Requirements and recommendations for a common framework. Deliverable 3, PROTECT (contract 
number 036425 (FI6R)), www.ceh.ac.uk/protect. 
IAEA, 1992. Effects of Ionizing Radiation on Plants and Animals at Levels Implied by Current Radiation 
Protection Standards. Technical Reports Series No. 332. IAEA, Vienna. 
UNSCEAR, 1996. Effects of radiation on plants and animals. United Nations Scientific Committee on the 
Effects of Atomic Radiation. Report to the general assembly with scientific annexes, United Nations, New York. 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.000 842.000]
>> setpagedevice


