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. METHODOLOGY APPLIED TO THE ASSESSMENT ON
FRESHWATER ECOSYSTEM

1. As a result of atmospheric deposition from the Fukushima-Daiichi nuclear power
station (FDNPS) in March 2011, freshwater ecosystems had elevated levels of *3I, ***Cs, and
37Cs in Fukushima Prefecture and also in Iwate, Miyagi, and Ibaraki prefectures.

2. Monitoring of concentrations of radionuclides in inland waters was organized by the
Japanese Ministry of Environment and a database providing information on activity
concentrations in freshwater biota was provided to the Committee. This database contained
measured radionuclide activity concentrations in biota samples (mainly radiocaesium in fish)
from Japanese freshwater ecosystems (2011-2012) and some data on radionuclide activity
concentrations in water and sediments. The typical fish species for which data were reported
were the common carp (Cyprinus carpio), ayu (Plecoglossus altivelis), Seema (Oncorhynchus
masou masou), Japanese smelt (Hypomesus nipponensis), Japanese dace (Tribolodon
hakonensis), char (Salvelinus), kokanee (Oncorhynchus nerka) and others. These species were
expected to represent critical groups of fish, i.e. those which would have higher radionuclide
concentrations among more than 20 species of fish inhabiting Japanese lakes and rivers.
Locations of freshwater sampling stations were indicated by their geographical coordinates,
without local names of lakes/rivers.

3. The locations of sampling stations on lakes and rivers of Japan affected by radioactive
deposition from FDNPS are shown in figure 1. The concentration levels of radiocaesium
(***Cs+¥7Cs) in fish are also shown in figure | together with their geographical location within
the Fukushima region. The sampling points presented in the database did not cover the area of
maximum deposition density (above 1,000 kBg/m?). Therefore, the activity concentration in
fish in this area was reconstructed using the correlation between deposition density and
concentrations in fish in Japanese lakes that had been studied.
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Figure I. Concentration of radiocaesium (***Cs+'*'Cs) in freshwater fish in the Fukushima region

according to the monitoring data from Japan (2011-2012) [Fukushima Prefecture, 2012]
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4. From the database, the highest levels of radiocaesium in fish were measured in a local

area situated to the north and north-west of FDNPS (within coordinates 37.6°-37.7°N; 140.5°—
140.9°E); characterized by *¥'Cs deposition density from the atmosphere in the range 100,000—
200,000 Bg/m>. A representative lake in this area is Dam Lake Hayama (38 km to the north-
north-west of FDNPS covering an area of 80.8 km?). Radiocaesium activity concentrations in
fish from Lake Hayama are presented in table 1. A representative river was provided by
Abukuma River, entering the sea 70 km to the north of FDNPS; Mano River and others were
also considered. Typical activity of radiocaesium in fish in this contaminated local area was
approximately 2,000-3,000 Bg/kg; a maximum level of 18,700 Bg/kg was measured in a single
fish sample in March 2012. Very limited data on concentrations in sediment indicated levels of
4,400 Bg/kg d.w. of **Cs, and 5,500 Bg/kg d.w. of **’Cs in water bodies from this area.

5. Some rivers within the local area with highest deposition densities flow into the marine
coastal zone near FDNPS. Many fish species in these rivers are migratory types that spend part
of the year in the marine environment and enter rivers to spawn. Therefore, the sources of
activity levels in fish were both inland waters and seawater.

6. Fishing had not been stopped in lakes and rivers, but the Japanese Nuclear Emergency
Response Headquarters had imposed capture self-control and shipping restriction of fish as
foodstuffs — as exemplified by ayu (Plecoglossus altivelis), char, Japanese dace, Japanese eel,
common carp, gin-buna (Carassius auratus langsdorfi), seema and eperla (Japanese smelt) —
pursuant to the Act on Special Measures Concerning Nuclear Emergency Preparedness.

7. Outside the local area with highest deposition densities, activity concentrations in fish
from inland waters were lower by a considerable margin, reflecting the reduced levels of
radiocaesium deposition at these locations (see figure ).
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8. In the area with *'Cs deposition density characterized by the range 50,000—
100,000 Bg/m?, a representative lake is Lake Akimoto (83 km to the west-north-west from
FDNPS). Lake Akimoto is mezotrophic, its area is 3.6 km® and volume 0.04 km?
Radiocaesium activities in fish from Lake Akimoto are presented in table 1. In sediments, the
B37Cs activity concentration was 180 Bg/kg d.w., and that of ***Cs was 130 Bqg/kg d.w.

9. In the area with **'Cs deposition density in the range 10,000-50,000 Bg/m?, a
representative lake is Lake Inawashiro (83 km to the west from FDNPS; area 103.3 km?
volume 5.4 km?). Radiocaesium activities in fish from Lake Inawashiro are presented in
table 1.

10. Using data from three representative lakes (Inawashiro, Akimoto and Hayama), linear
equations between the levels of **'Cs deposition density and the radiocaesium activity
concentrations in lake fish were constructed (see table 1). Using these equations, missing data
on concentrations in fish in areas of maximum deposition density (5,000 kBg/m? ) were
reconstructed. The results are reported in table 1.

Table 1. Parameters of correlation between deposition density and concentration in fish for
representative Japanese lakes (2011-2012)

Name of lake Location Average deposition Average activity of Highest activity of
(lat, long) density of *¥Cs radiocaesium in fish radiocaesium in fish
(Ba/m?) (Barkg) (Barkg)
Hayama 37.716°N, 140.81°E 187,190 560 + 186 1,100
Akimoto 37.65°N, 140.135°E 51,350 305 + 120 670
Inawashiro 37.48°N, 140.1°E 13,990 116+ 78 250
Hypothetical lake in 500,000 12,000* 22,000*
the zone of highest
deposition density

*Predicted values. Relations between the deposition density and concentrations in fish follow linear equations:
y=2.379x+127.1 (for average); and y=4.439x+300.4 (for maximal values); y [Ba/kg]; x [kBg/m?].

. DOSE RATES TO FRESHWATER FISH FROM FUKUSHIMA
REGION

11. Dose rates to fish from radiocaesium in Japanese lakes and rivers were calculated using
the ERICA Tool on the basis of monitoring data.

12. Dose rates to fish from Lake Akimoto (summer 2011-2012) were in the range 0.05—
0.1 uGy/h for fish with average activity concentration levels. For fish with maximum activity
concentration levels, dose rates were in the range 0.17-0.2 uGy/h (depending on the period fish
were assumed to stay near the lake-bottom sediments).

13.  Estimated dose rates for fish from local areas with **'Cs deposition density in the range
100,000-200,000 Bg/m? fell between 0.4 and 3 pGy/h; dose rates to the fish sample with the
maximum measured activity concentration were within the range 3.7-6.2 uGy/h (depending on
the period the fish were assumed to stay near the lake-bottom sediments).

14. Dose rates were calculated for hypothetical fish inhabiting a lake within local areas
with maximum deposition density. For pelagic fish, an average dose rate of 2.3 uGy/h, and a
maximum of 4.3 uGy/h were calculated. For benthic fish, the average dose rate was 34 pGy/h,
and the maximum was 36 pGy/h. These levels exceeded the threshold believed to be protective
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of vertebrate organisms [ICRP, 2008; Hosseini et al., 2010]. At chronic exposures at these dose
rates some negative effects on fitness, reproduction and life shortening could be expected in
individual fish, although population effects should not be observed.

The dose rates to fish in freshwater ecosystems in the majority of other areas receiving
deposition from the FDNPS accident did not reach the threshold levels for chronic exposure
above which deterministic effects of radiation are expected in freshwater biota [ICRP, 2008;
Hosseini et al., 2010]. Only in the local zone of maximum deposition density was there a
substantial hypothetical risk that some negative effects of radiation might appear in individual
organisms under conditions of chronic exposure.

References

Fukushima Prefecture. Emergency monitoring test result of marine products of Fukushima prefecture, 1. The
results of inspection. [Internet] Available from (http://www.pref.fukushima.lg.jp/sec/36035e/suisanka-
monita-top.html) on 12 November 2012. (Japanese)

Hosseini, A., N.A. Beresford, J.E. Brown et al. Background dose-rates to reference animals and plants arising
from exposure to naturally occurring radionuclides in aquatic environments. J Radiol Prot 30(2): 235-264
(2010).

ICRP. Environmental protection: The concept and use of reference animals and plants. ICRP Publication 108.
Annals of the ICRP 38. International Commission on Radiological Protection, Elsevier Ltd., 2008.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /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 /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 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
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /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
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


