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Introduction

» Dose coefficients are key input for radiological consequence
assessments

* Objectives
« Summarize background/history of dose coefficients

« Compare new US EPA FGR15 external dose coefficients to FGR13
coefficients used in MACCS

« Show potential impact of similar evolution on internal dose coefficients
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Background

= MACCS dose coefficients are based on US EPA FGR13
« |CRP 38 Radionuclide Transformations (1983)
e |[CRP 60 The 1990 Recommendations of the ICRP (1991)

= US EPA FGR15 (2019) brings significant updates to external dose
coefficients:
e I[CRP 103 The 2007 Recommendations of the ICRP (2007)
« ICRP 107 Nuclear Decay Data for Dosimetric Calculations (2007)
« Modelling capabilities, age dependent phantoms, soil roughness effect
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History

Year Source Scope Tissue Radionuclide
Weighting Factors Decay

1988 US EPAFGR11 Internal Dose (Inhalation, Ingestion) ICRP 26 ICRP 38
1993 US EPAFGR12 External Dose (Cloudshine, Groundshine) ICRP 26 ICRP 38
1995 ICRP 72 Age Dependent Ingestion and Inhalation Dose ICRP 60 ICRP 38
1996 DCFPAK Dose coefficient package for FGR11 and FGR12 ICRP 26/60 ICRP 38
1999 US EPAFGR13 Internal and External Dose ICRP 60 ICRP 38
2012 ICRP 119 Compendium of Dose Coefficients based on ICRP ICRP 60 ICRP 38
Publication 60
2013 DCFPAKS Dose coefficient package based on ICRP 60 and ICRP 107 ICRP 60 ICRP 107
2019 US EPAFGR15 External Dose ICRP 103 ICRP 107

= Driver 1 - Tissue weighting factors, definition of effective dose
« ICRP 26 The 1977 Recommendations of the ICRP (1977)
« ICRP 60 The 1990 Recommendations of the ICRP (1991)
« |CRP 103 The 2007 Recommendations of the ICRP (2007)
= Driver 2 — Nuclide decay data
« |CRP 38 Radionuclide Transformations (1983)
« ICRP 107 Nuclear Decay Data for Dosimetric Calculations (2007)
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Evolution of tissue weighting factors

Table 3-1. ICRP Publication 103 (2007) tissue weighting factors for calculating

Table I1.1. Tissue Weighting Factors According to ICRP (1977, 1991). effective dose rate coefficients.
Organ/Tissue Weighting Factolrs Tissue Wr Representation in Phantom
w (ICRP 26) wy (ICRP 60) Red marrow 0.12 Multiple trabecular bone regions
Colon 0.12 Multiple segments represented
Gonads 0.25 0.20 Lung 0.12  Both left & right lobes
Breast 0.15 0.05 Stomach 0.12 Contents excluded
Breast 0.12 Both male & female
Colon 0.12 Gronads
Testes 0.04 Male tissue
Red Marrow 0.12 0.12 Ovaries 0.04 Female tissue
Lungs 0.12 012 Bladder 0.04 Contents excluded
Esophagus 0.04 Explicit tissue region
Stomach 0.12 Liver 0.04 Explicit tissue region
Urinary Bladder 0.05 Thyroid 0.04 Explicit tissue region
Bone surface 0.01 Trabecular & cortical bone regions
Liver 0.05 Brain 0.01 Explicit tissue region
Salivary glands 0.01 Explicit tissue region
Esophagus 0.05 Skin 0.01  Explicit tissue region
Thyroid 0.03 0.05 Remainder _
_ Adrenals 0.00923  Explicit tissue region
Bone Surface 0.03 0.01 Extrathoracic region 0.00923  Explicit tissue region
Skin 0.01 Gall bladder 0.00923  Contents excluded
i Heart 0.00923  Contents excluded
Remainder 0.30' 0.05™ Kidneys 0.00923  Explicit tissue region
' The value 0.30 is applied to the average dose among the five remaining organs or tissues Lymphatic nodes 0.00923  Sofi tissue surrogate
i receiving Ithe hilghesl dose, excluding the .Skin’. lens of the eye, and the extrem:nies. Muscle 0.00923  Explicit tissue region L 012
: .Tll'e ::emamder 1:- cumlpx:se;il ot‘tiiledii;ollowmg :ussues and urga;ns: a;i}:enals, hta;lm,tsmall Oral mucosa 0.00923  Explicit tissue region Ll
intestine, upper large intestine, kidney, muscle, pancreas, spleen, thymus, and uterus. s :
¥ The value {?ﬂ; is a?)plied to the aveta'ge dose tolt:.he remainser tissue group. However, if a Pancreas 0.00923 Exph(:}t lissue region
member of the remainder receives a dose in excess of the highest dose in any of the twelve Pmstat_e . 0.00462  Male tissue
organs for which weighting factors are specified, a weighting factor of L0235 is applied to Small intestine 0.00923  Contents excluded
that organ and a weighting factor of (.025 is applied to the average dose in the rest of the Spleen 0.00923  Explicit tissue region
remainder. Thymus 0.00923  Soft tissue surrogate
Uterus/cervix 0.00462  Female tissue __J
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Impact on Cloudshine Effective Dose Coefficients
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act on Groundshine Effective Dose Coefficients
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Internal dose coefficients

= [CRP 119 is a minor modification of ICRP 72
e Still based on ICRP 60 Recommendations and ICRP 38 Nuclear Data

» Independent work by K. Manabe, A. Endo and K. F. Eckerman shows
the impact of ICRP 107 as replacement for ICRP 38 nuclear decay

data
* Internal dose coefficients have not been updated by ICRP
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Impact of ICRP-107 vs ICRP-38 on ICRP-72 Inhalation DCF

Table 2. MNuclides with significantly large positive D, values.

Nuclide Absorption  Dg (%) D,(%) Cause Table 3. Nuclides with significantly large negative D,
type of D, values.

S I M +0.284 | +226 d Nuclide Absorption type Dg (%) D, (%) Cause ol D,
1947 F +86.7 | +134 a, c -
15 py F +54.4 +59.3| a 123, M —g8s | -703 4
“ph F +306 +59.3| a,c 1350, g —578 | —685s 4
"*Hg (Organic) F +178 +50.6| a,c 190, S —134 | -36%8 3. o
" Lu s +42.2 +46.0| a 190 g —763 | =358 b
e M +4.53 | +444| ¢ 195my F ~302 |-338| a
=N M +17.2 | +444| a.c 173y M —203 |-319| ab
Hdmp M —5.05 +39.4| 4 120m F —322 —7%.3 a
*“Rh S —396 | +37.3| ¢ 199 oy, F —181 | —218 4
Bpy M —0299) 4356| d 205p M —0303l =211 b
1350 F +328 +329) a 1'"4:\[}.] M —-778 — 0.0 a
iy F +37.1 +29.0| a 20D M —15.1 ~192 a. b
= F —0.701| +285| ¢ 2dp, M ~21723 | =185 4
tEBmp F +16.9 +285| a.b 178y M 772 | =176 4
“*Th M +27.6 +27.0| a 159pe F —6.70 | —16.4 a
Yb M +730 | +246] a om0 F +326 | —163 | b

Sh F +25.2 +239] a 1z0g v —778% | —15.1 a
I8 F +30.8 +23.7] a T M —23.5 —14.1 a
Gd F +24.6 +224| a 1797, M ~175 | -138 4

AL M +33.7 | 132 ¢

Causes are a: change in E,,. b: change in hall-life, ¢ Blgr S —1.01 | —-11.0 b
change in radiation type and decay mode and d: change in
shape }}1]_1:”:“1 particle spectrum. . . Causes are a: change in E,,,. b: change in half-life and ¢
“D, of ""™In was caused by the change in the shape of the change in radiation type and decay mode.

beta particle spectrum data of its daughter nuclide: ""In.

Source: K. Manabe,A. Endo and K. F. Eckerman, Impact of the New Nuclear Decay Data of ICRP Publication 107 on
Inhalation Dose Coefficients for Workers. Radiation Protection Dosimetry (2010), Vol. 138, No. 3, pp. 245-250
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Conclusion

* Implementation of US EPA FGR15 external dose coefficient in
MACCS would align MACCS with
« Latest radionuclide decay data
 Latest ICRP Recommendations
« Latest modelling

» Consideration should be given to ICRP 72 modified internal dose
coefficient based on ICRP 107

» Age-dependent dose coefficient files could be built from these two
sources
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Questions?




Thank You!

Contact me at

Richard.Moffett@calian.com



