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Learning Objectives

• Describe the structure and use of the 
NCRP Wound Model

• Identify sources for wound model dose 
coefficients and retention factors



NEED FOR A WOUND MODEL

• Wounds relatively common in specialized plants in 
U.S.A. and Russia
– 136 Pu wounds at Hanford by 1969
– 429 Pu wounds at Rocky Flats Plant by 1967
– 248 wounds at Mayak PA by 1994

• Relatively little reported biokinetic information on 
untreated workers in literature

• Can expect more wounds from decommissioning  
activities



PERSIAN GULF WAR AND DU

• “Friendly Fire” incidents involving DU (depleted 
uranium) penetrators and armored vehicles

• 39 soldiers on long-term follow up for DU 
contamination (12 in high DU group)

• Questions about the dosimetry and risk from 
embedded DU fragments



RADIOGRAPH OF VETERAN WITH 
EMBEDDED DU FRAGMENTS



DU FRAGMENT REMOVED 
SURGICALLY



STRATEGY FOR WOUND MODEL DESIGN

• Scientifically and mechanistically based

• Can extrapolate to elements without data

• Can couple to systemic models for bioassay

• Pragmatic and easy to implement

DESIGN BASISDESIGN BASIS
• Source characteristics

– Physical

– Chemical

• Wound characteristics

– Foreign body reaction
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DEVELOPMENT OF DEFAULT CATEGORIES 
FOR SOLUBLE RADIONUCLIDES IN WOUNDS

• Data from 48 radionuclides injected as initially 
soluble radionuclides (mostly from studies at 
Crocker Labs, now LBNL)

• Retention classified according to chemical 
propertiesp p
– Tendency for hydrolysis
– Relationship with solubility product Ksp (depends 

on chemical, pH, concentration/mass)

• In general, retention roughly proportional to 
hydrolysis potential
– 1- < 1+<2+<3+<4+



CATEGORIES OF WOUND RETENTION FOR 
SOLUBLE RADIONUCLIDES

• Weakly retained

– Simple anions (I), oxo- and chloro-anions 
(Sb, Tc, As, W, Sb)

Monovalent cations (Rb Cs)– Monovalent cations (Rb, Cs)

– Divalent cations (Ca, Sr, Ba, UO2
2+)

• Moderately retained

– Chemical analogs of above

– Ag, Ra, V, Te, Os, Pt



CATEGORIES (continued)

• Strongly retained 

– Trivalent cations (Y, La, Ga, In, Cr, Nb)

– Trivalent lanthanides 

– Ac, Pu (small masses < 0.2 µg), Am, Cm

B P– Be, Po

• Avidly retained 

– Tetravalent cations (Zr, Sn, Th, Pu > 10 µg)

– Pentavalent Pa
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DEFAULT RETENTION GROUPS FOR 
SOLUBLE RADIONUCLIDES IN WOUNDS
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COMPARTMENTAL MODEL OF STRONG DATA
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BIOKINETICS OF RADIOACTIVE PARTICLES AND 
FRAGMENTS

• Few studies provide useful data for modeling

– PuO2 particles in rats (Harrison et al. 1978)
• Avid retention - 97% at 28 d

– Polymeric Pu in rats and mice (Brues et al. 1965)
• Avid retention – 80% at 6 mo

– PuO2 in dogs (Bistline 1973)

– Pu metal wire in rats and rabbits (Lisco and 
Kisieleski 1953)

• Wire rapidly disintegrated into fragments

• Accompanied by significant tissue reaction

– DU fragments in rats (Hahn et al. 2001)
• Fragments corroded and disintegrated with time



RETENTION OF COLLOIDAL Pu NITRATE IN 
DOGS (data from Bistline 1973)
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MODEL FIT OF AIR-OXIDIZED Pu PARTICLES IN DOGS (CSU)
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DU METAL FRAGMENTS IMPLANTED 
IN RAT MUSCLE





APPLICATION OF WOUND MODEL TO 
BIOASSAY INTERPRETATION

• Select 238U and three relevant default 
categories

• Couple wound model to ICRP 69 systemic 
biokinetic model

• Solve using AIDE dose assessment 
software (v.4; Bertelli)
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U RETENTION IN WOUND SITE



U RETENTION IN KIDNEY
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SUMMARY AND CONCLUSIONS

• Wound model describes radionuclide behavior 
for:
– Range of physical and chemical forms
– Large number (48) of solubles
– Fewer (4) insolubles

• Sound scientific basis in chemistry and biologyy gy
• Easy to use for bioassay interpretation
• Model proposed by INDOS/DOCAL for 

implementation in ICRP revision of occupation 
guidance on radiation protection from intakes of 
radionuclides

• Model report published as NCRP report 156 
(2006)



Follow-on Tasks
• The Radiation Emergency Assistance 

Center/Training Site (REAC/TS) at ORISE has 
coupled the NCRP wound model to the ICRP 
biokinetic models for other elements to generate 
dose coefficients and intake retention/excretion 
factors

• Data for 38 selected radionuclides were published 
in the May 2011 issue of Health Physics journal 
(Toohey et al., Health Phys. 100(5), 508-514, 
2011.)

• Complete data tables are available on line at 
http://orise.orau.gov/reacts/resources/retention-
intake-publication.aspx



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (None)
  /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 true
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /UseDeviceIndependentColor
  /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 /Preserve
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [300 300]
  /PageSize [612.000 792.000]
>> setpagedevice


