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INTRODUCTION

In recent years, there have been intensive activities on a global basis in relation to the
development of methodologies for assessing impacts of ionising radiation on the environment.
At a European level, the EURATOM-funded project ERICA, Environmental Risk from
Ionising Contaminants: Assessment and Management, (Larsson, in press) has proven to be a
driving force in this respect. A key activity in this project was to consider the transfer of
radionuclides through food-chains, irrespective of whether humans constitute a component of
the food-chain or not, with special focus on provision of data for reference organisms. These
organisms, representing the broader ecosystem, provide a basis for radiation dose rates
estimations from a contaminated environment.

Arguably, two points of reference may be used for the purpose of assessing the potential
consequences of exposures to radiation on non-human biota. These are (a) natural background
dose rates and (b) dose rates known to have specific biological effects on individual
organisms (Pentreath, 2002). Bands of derived consideration levels for reference fauna and
flora could be compiled by combining information on logarithmic bands of dose rates relative
to normal natural background dose rates, simply as a means of presentation, plus information
on dose rates that may have an adverse effect on reproductive success, or result in early
mortality (or cause morbidity), or are likely to result in scorable DNA damage for such
organisms (ICRP, 2003). Such a banding would be interpreted on the basis that additions of
dose rate that were only fractions of their background might be considered to be trivial or of
low concern; those within the normal background range might need to be considered
carefully; and those that were one, two, three or more orders of magnitude greater than
background would be of increasingly serious concern because of their known adverse effects
on individual fauna and flora (Pentreath, 2002).

Numerous data deficiencies have been uncovered in addressing issues related to the
characterisation of background dose rates to reference organisms. However, on further
inspection it becomes evident that some of these data deficiencies could be easily mitigated
with limited, but focussed, effort involving field-work and analysis. The objective of this
work was therefore to identify data gaps in relation to the levels and transfer of naturally
occurring radionuclides in terrestrial ecosystems and to plan and conduct a terrestrial field
campaign with the purpose of filling some of these information gaps. This would facilitate the
calculation of more robust background dose-rates for selected terrestrial system hitherto not
studied.

IDENTIFICATION OF KNOWLEDGE GAPS

The empirical data coverage (Concentration ratios, CRs, and thereby activity concentrations
in plants and animals) for selected radionuclides provided by the ERICA project for terrestrial



environments is presented by Beresford et al. (in press). The coverage for Pb is reasonable
presumably reflecting the large number of stable element studies that have been conducted on
this element. Other radioelements are more poorly characterised with empirical data sets. In
the case of Polonioum, some information is available for flora but only for the fauna group
mammals. In the latter case it should be noted that although 36 data are available these
represent “all mammals” from a single geographical area - the UK. The number of values
associated with Thorium is low. In all cases the number of available empirical values is below
20 and for 7 reference categories no information is available at all. A similar situation exists
for Uranium although arguably floral reference organisms are endowed with reasonable CR
information. For radium there are severe data deficiencies for invertebrates, insects, amphibia
and reptiles.

The Environment Agency of England and Wales recently commissioned work to develop
databases to underpin environmental impact assessment (Beresford et al., 2007) using
reference animals and plants. In considering an overview of these data, there are no data for
some Reference animals and plants, notably frog, bee, earthworm and rat and very few data
for some other groups, notably duck (**K only) and deer (K, 1 data point for *'°Po). In order
to address this numerous samples were measured predominately for U and Th. New data were
generated for, inter alia, ducks, trout and insects thus providing some new information to fill
data gaps albeit specifically for the UK environment. However, no new measurements of
1% were made in the study.

FIELD CAMPAIGN

A field study was planned and implemented at Dovre, Central part of Norway (62°17"' N,
9°36' E) during the period 17-20" June 2007. The field study was conducted within a
designated Landscape-protected area near to Kongsvold adjacent to Dovrefjell-Sunndalsfjella
National Park. This study site was selected primarily on the basis that it forms part of the
network for Monitoring programme for Terrestrial Ecosystems (TOV) in Norway, led by the
Norwegian Institute for Nature research (NINA), and concerning, inter alia, effects of
pollution on plants and animals and chemical and biological monitoring. In this way a large
dataset of ancillary information would be available facilitating any subsequent interpretation
of results. Furthermore, by connecting this field programme to ongoing studies, associated
costs could be reduced.

Eight soil profiles were collected during the field expedition. These profiles were split into an
overlying humus layer and thereafter 3 cm (predominantly mineral soil) increments to a depth
of 9 cm using a custom-designed soil corer. This was undertaken with a view to enabling
analyses of the activity distribution of radionuclides with depth. Baited traps were used in the
collection of various rodents including Bank Vole (Clethrionomys glareolus) and the
Common Shrew (Sorex araneus). Plant samples including samples of bilberry (Vaccinium
myrtillus) and 2 species of lichens (e.g. Cladonia stellaris and Cladonia) were collected by
hand. Finally, samples of two earthworm species (Lumbricus rubellus and Aportectodea
caliginosa) were collected in areas of brown earth using a spade.

A detailed description of the analysis of polonium in the samples is given in Chen et.al.
(2001). Briefly, the freeze-dried material (2-10g) was added to a semi-closed glass flask, ***Po
and a known amount of stable Pb (5-10mg) added as yield determinants for *'°Po and *'°Pb
respectively. The sample was completely dissolved using a mixture of HNOs; HCI and H,O,,
evaporated to near dryness and polonium plated onto silver discs in a weak hydrochloric



solution. The discs were then analysed without delay using solid state PIPS-detectors. The
solution remaining after plating onto the Ag-discs were rinsed from remaining traces of
polonium using TIOA-extraction in 10M HCI. The aqueous phase containing Pb was set aside
for *'°Po ingrowth.

RESULTS AND DISCUSSION

Only preliminary data for rodents were available at the time of writing of this paper. When
deriving activity concentrations of *'°Po for the time of sampling, a simple decay correction
procedure cannot be used because the *'°Po attributable to the whole body of the rodent
samples at the time of analysis is likely to be comprised of activity remaining from the decay
of unsupported 1% and a component arising from ingrowth via 219y (between the time of
sampling and the time of analysis). Essentially, we can assume that some Pb-210 is present in
the samples (organs within the body such as the liver are known to accumulate stable and
therefore radioactive lead) and that the in situ decay of this radioisotope is contributing to the
activity measured at the time of analysis.

Since only 2194 results were available at the time of writing of this paper, the results reported
here (provisionally decay corrected to date of sampling) are of a preliminary nature only.
Once the level of *'°Pb has been determined for the samples, the unsupported activity
concentration for 2'°Po at the time of sampling can be determined precisely.

The preliminary data exhibit activity
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considered appropriate. vole and common shrew. M= male and F =Female.

Median activity concentrations of *'°Po in bank vole (74 Bg/kg d.w.) appear to be
significantly different to those determined for shrew (30 Bq/kg d.w.). This is confirmed by the
fact that the null hypothesis can be rejected at the p < 0.008 level, i.e. the probability that the
2 sets of data come from the same population is extremely low and it is reasonable to
conclude that bank vole and shrew *'°Po data constitute different populations with different
mean ranks.



The dry mass to fresh mass ratio was on average 0.3. This suggests median activity
concentrations by fresh mass of approximately 22 Bq/kg f.w. on average for Bank Vole and 9
Bqg/kg f.w. for the Common shrew, albeit that these are preliminary determinations. These
activity concentrations are considerably higher than the levels reported in Beresford et al.,
(2007) where an activity concentration of 0.09 Bg/kg f.w. was reported for a category
consigned the title “All mammals” and comprising of 32 assorted samples. Whether this
discrepancy reflects the preliminary nature of the results presented in this paper, differences
(physiology, diet, habitat) between the mammals considered in the aforementioned study and
the present study or differences in deposition of *'°Pb in this area compared to the
aforementioned study, remains a subject for further investigation.

REFERENCES

Beresford, N.A., Appleton, J.D., Barnett, C.L., Bescoby, M.W., Breward, N., Jones, D.G., MacKenzie, A.C.,
Scheib, C., Wood, M.D., Therring, H., 2007b. Assessment of naturally occurring radionuclides around England
and Wales. Project SC030283. Environment Agency, Bristol. pp. 79. ISBN: 1844325679. Available from:

http://www.ceh.ac.uk/protect/pages/documents/Assessmnentofnaturallyoccurringr

adionuclidesinEnglandandWales.pdf

Beresford, N.A., Barnett, C.L., Howard, B.J., Scott, W.A., Brown, J.E., Copplestone,D. (in press). Derivation of
transfer parameters for use within the ERICA Tool and the default concentration ratios for terrestrial biota.
Journal of Environmental Radioactivity.

ICRP (2003). A Framework for Assessing the Impact of Ionising Radiation on Non-human Species, Annals of
the ICRP, 91, pp. 201-266.

Chen, Q., Aarkrog, A., Nielsen, S.P., Dahlgaard, H., Lind, B., Kolstad, A.K., Yu, Y. (2001). Procedures for
Determination of 239,240Pu, 241Pu, 237Np, 234,238U, 228,230,232Th, 99Tc, and 210Pb-210Po in
Environmental Materials. Risg report, Ris-r-1263.

Larsson, C.-M. (in press). An overview of the ERICA Integrated Approach to the assessment and management
of environmental risks from ionising contaminants. Journal of Environmental Radioactivity.

Pentreath, R.J. (2002). Radiation Protection of people and the environment : developing a common approach.
Journal of radiological Protection, 22, pp.45-56.



	INTRODUCTION
	IDENTIFICATION OF KNOWLEDGE GAPS
	FIELD CAMPAIGN



<<
  /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


