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Uncertainties in Dose Coefficients: paper by Dr Harrison

1. Further to the previous CERRIE paper 11-4 and the Committee’s discussion at their last meeting, attached for the Committee’s consideration is a paper by Dr Harrison on uncertainties in dose coefficients.
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UNCERTAINTIES IN RADIONUCLIDE BIOKINETICS AND DOSIMETRY

John Harrison, NRPB

As outlined in CERRIE paper 10/4 (IF), uncertainties in radionuclide dose coefficients (Sv Bq-1 intake) arise from a number of sources:

a) biokinetic models - parameter values and model assumptions

b) dosimetric models

c) wR (for equivalent dose) and wT (for effective dose).

ICRP has chosen not to specifically address uncertainties in dose coefficients in its publications for a number of reasons, relating to the intended use of dose coefficients for prospective dose assessments at doses well below limits, and the substantial difficulties encountered in quantifying uncertainties in an understandable way. However, a series of publications in Radiation Protection Dosimetry, written by ICRP Task Group members, are covering aspects of uncertainties in radionuclide biokinetics and dosimetry (Stather 2001). The first paper in this series outlined sources of uncertainty in biokinetic models, including the availability of relevant human and animal data and the validity of model assumptions (Leggett 2001). The second considered the specific case of uncertainties in the absorption of ingested radionuclides from the gut to blood and the corresponding uncertainties in dose coefficients (Harrison et al 2001). A third provides a detailed analysis of the evolution of biokinetic models for plutonium (Leggett 2003). Further papers will consider uncertainties in the respiratory tract model, systemic models for the behaviour of radionuiclides absorbed to blood and in dosimetric models. A final paper will address overall uncertainties in dose coefficients.

Uncertainties associated with biokinetic and dosimetric quantities may be expressed in terms of lower and upper bounds, A and B, such that there is judged to be roughly a 90% probability that the true central value is no less than A and no more than B. As discussed by Leggett (1998, 2001), uncertainty can then be expressed in terms of uncertainty factors (UF) = maximum of C/A and B/C, where C is the central extimate. More generally, where the form of the distribution of values is not known, C is taken to be the geometric mean of A and B, ie. C = (BA)1/2 and UF = (B/A)1/2. For example, for a range A = 2 and B = 50, the central estimate is 10 and the UF = 5; that is, the value can be regarded as being known to within a factor of 5.

Figure 1 gives an example of the assessment of uncertainties, considering only the distribution and retention of radionuclides once they have reached blood (systemic biokinetics). Uncertainties will depend on the reliability of the available human and animal data and the complexity of the behaviour of the element/radionuclide. In Figure 1, least uncertainty attaches to Cs and H (as HTO) biokinetics, with good human data, supported for HTO by animal data and our understanding of physiological/ biochemical processes, and the simple assumption of distribution throughout soft tissues. Substantially more uncertainty is associated with the biokinetics of elements such as Ru, Zr and Sb for which few data are available and behaviour is more complex. Leggett et al (1998) also made the point that uncertainties are generally greater for radionuclide intakes by children because human data are often not available and rodent data may not give a good indication of age-dependence. 

Figure 1
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Figure 1. Assessment of uncertainties in systemic models for adults for selected radionuclides – end-point is cumulative activity in major repositories in the human body. H1 = direct human data for the element, H2 = human data for a chemically similar element, A1 and A2 = animal data, P = physiological data. Categories I – IV: UF < 2, < 3, < 8 and > 8, respectively (Leggett et al, 1998). 

It is important to recognise, however, that uncertainties in particular biokinetic parameter values may not be important in terms of overall uncertainties in dose coefficients. As discussed by Harrison et al (2001), large uncertainties in the absorption of ingested 95Zr (UF = 10 in adults) do not result in corresponding uncertainties in the ingestion dose coeffcient (UF = 1). This applies also to 106Ru and 125Sb and results from dominant contributions to committed effective dose from doses to the stomach and colon, with only small contributions from doses to other tissues and organs. In conrast, UFs of 2 and 3.3 for the fractional aborption of ingested 90Sr and 239Pu result in UFs for the ingestion dose coeffcients of 1.9 and 3, respectively. 

Paper 10/4 refers to the joint EC/USNRC exercise to quantify uncertainties in probabilistic accident consequence codes that predict the doses and health risks to population groups exposed to radionuclide releases (Goossens and Kelly 2000). This was an ambitious project that applied formal expert judgement techniques and parameter uncertainty analysis to determine uncertainties in: atmospheric dispersion of radionuclides; deposition and external doses; food chain transfer; internal dosimentry; early health effects; and late health effects. A defined requirement of the expert judgement process was that the parameters addressed should in principle be measurable rather than characteristics of models or their output. Questions for the internal dosimetry panel concentrated, therefore, on biokinetic parameters, considering intakes of radionuclides by inhalation and ingestion and distribution and retention after entry to blood (Harrison et al 1998, 2000). However, experts were also invited to assess overall uncertainty in organ dose coefficients for selected radionuclides (see Table 1). The answers required for each parameter were median, 5 and 95 percentile values applicable to population groups in Europe and the USA. Some answers showed a large degree of consistency between experts with similar medians and ranges. For other questions, large differences were observed with some individuals having a general tendency towards narrower ranges.

All the information is published and available for analysis, including the answers given by the individual experts, together with the reasons for their choices (Goossens et al 1998). The data on uncertainties in biokinetic parameter values were used in the overall parameter uncertainty analysis using simple biokinetic models which corresponded to the information provided. For example, the model for the distribution of Sr from blood considered retention in cortical and trabecular bone and transfer to the bladder and large intestine. Unlike the ICRP model, compartments within bone and retention in soft tissues were not specified. 

Table 1. Summary of questions for EC/USNRC internal dosimetry panel 
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Particle deposition in different regions of the respiratory tract for 1 pm, 0.1 pm and 10 wm Activity Median
Aerodynamic Diameter (AMAD) particles in adults and children.

Clearance of insoluble particles from different regions of the respiratory tract at times from 10 min to 10 y.

Absorption to blood of Sr, 1, Cs, Pu, Ru, Ce and Te at times from 1 h to 10 y; assumed to be oxides, apart from I in
elemental form.

Ingestion

Absorption to blood of Sr, I, Cs and Pu in adults, children and 3 month old infants; considering chemical forms likely to
ingested after an accident, including Pu as oxides or biologically-incorporated.

Systemic distribution and retention
Retention of Sr, Ce, Te and Pu in liver and skeleton at times from 1 d to 50 y in adults and children.

Distribution of Pu within the skeleton to bone surface, bone volume and marrow at times from 1 d to 50 y in adults and
children.

Total retention of Ru and Cs in body tissues at times from 1 d to 5 y in adults and children.
Retention of I in the thyroid at times from 1 d to 3 months in aduits and children.
Dose coefficients

Selected organ doses, as committed dose (Gy.Bq™"), for intakes of %Sr, '*'I, '¥2Te, '*’Cs, '“Ce and 2**Pu by ingestion
and inhalation of 1 wm AMAD particles (+ vapour for '*'I, '32Te) in adults and children.





Table 2 gives examples of the assessment of organ and tissue doses from 137Cs, 90Sr and 239Pu. This corresponds to Table 10 given in paper 10/4 but the ranges given are for two experts working together, who can confidently be argued to be the best positioned to answer these questions because of their combined experience of biokinetics and dosimetry and uncertainty analysis techniques. (Weighting experts is a recognised technique in uncertainty analysis and information was gathered for this purpose in the EC/USNRC exercise but not ultimately used.) The combined results for all experts gave median values that are close to ICRP values in most cases and the UF factors given by the two of the “most reliable” experts were from 2 to 14. As discussed previously, an important contribution to uncertainty for 90Sr and 239Pu was their chemical form and hence solubilitities.

Table 2. Committed dose coefficients for adults, Gy Bq-1 intake

	Nuclide
	Intake
	Organ
	50%/ICRPa
	UFb

	131I
	Ingestion
	Thyroid
	1
	2.4

	137Cs
	Ingestion
	Colon
	1
	2.0

	
	
	RBM
	1
	2.0

	
	Inhalation
	Lungs
	2 (F)
	2.8

	
	
	RBM
	1 (F)
	2.8

	90Sr
	Ingestion
	Colon
	1
	7

	
	
	RBM
	0.6
	3.2

	
	Inhalation
	Lungs
	0.7 (M)
	10

	
	
	RBM
	1.6 (M)
	7

	239Pu
	Ingestion
	Colon
	1
	10

	
	
	RBM
	1
	14

	
	Inhalation
	Lungs
	2 (S)
	10

	
	
	RBM
	3 (S)
	10


aRatio of combined median value for all experts answering, to ICRP value. F, M and S refer to ICRP model default lung absorption types.

bUF from chosen experts. 

An NCRP committee considered uncertainties in effective dose coefficients for the ingestion or inhalation of a range of radionuclides (NCRP 1998). It should be noted that for reasons that are not explained fully in the report, the assessment was of the reliability of ICRP Publication 30 biokinetic and dosimetric models even though the authors recognised that these models had been superseded in a number of important cases. Uncertainties in wR and wT were not considered. Nevertheless, it was concluded that the ingestion dose coefficient for HTO in adults was “well known” (UF < 3), although incorporation of a small fraction into OBT was not taken into account in ICRP 30 (1979). Similarly, dose coefficients for ingestion or inhalation of 90Sr by adults were judged to be well known and corresponding values for children as “reasonably well known” (UF of 3 – 5); an improved age-dependent model has since been introduced (ICRP 1993). Ingestion and inhalation dose coefficients for 239Pu and higher actinides were classified as “poorly known” for adults (UF of 5-10) and “very poorly known” for children (UF > 10); an improved age-dependent model has since been introduced (ICRP 1989, 1993). 

A number of recent publications have addressed specific issues of uncertainties in radionuclide doses. For example, Harvey and Hamby (2001) considered uncertainties in particle deposition in the lung as a function of breathing rate, airway dimensions and other parameters. Harrison et al (2001) undertook a parameter uncertainty analysis of the ICRP models for HTO and OBT. Fritsch et al (2003) examined certainties in thyroid dose from different iodine isotopes as a function of age and Luciani et al (2003) applied sensitivity analysis techniques to a revised model of molybdenum biokinetics. 

Conclusions

For some radionuclides, uncertainties in dose coefficients can be regarded as small (eg. 3H, 137Cs, 90Sr) but there may be large uncertainties for other radionuclides, particularly when considering intakes by children (eg. 210Pb, 210Po, 239Pu, 241Am). Reliable quantitative estimates of uncertainties in dose estimates for a range of radionuclides are not yet available. Consideration of uncertainties might be of particular importance in assessments of probability of causation. This difficult subject requires further attention.
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