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Introduction 

The interim meeting was a joint activity between the IAEA MODARIA WG4 and the EC STAR project 

WP3 and 7. The aim was to provide a forum for discussion of: 

• the development of a common database (DB) and the selection criteria for Kd values for freshwater, 

soils, and marine environments 

• the derivation of published values which are suitable for the needs for modelers 

• the provision of Kd values which take account of known factors which lead to variation in Kd values 

• methods and criteria to extrapolate data to fill data gaps 

• the provision of summarized data to the international community 

• alternative approaches to modeling Kd 

The meeting comprised talks on: 

 Initial briefings and background; 

 Setting the scene: The issues with respect to modeling; 

 Mathematical/statistical treatment of Kd data; 

 Extrapolation and DBs; 

 Geochemical factors affecting Kd modeling; 

 Strengths and weaknesses of various methods of measuring Kd values 

The talks were followed by brainstorming discussion, and reporting back to plenum, on: 

 Filling gaps in Kd data; 

 Statistical treatment of limited data; 

 Construction of the Kd DB; 
 

These minutes are supplemented by copies of most presentation made available on the MODARIA web site. 

A list of relevant papers/ documents supplied by participants is also being collated. 

Initial briefings and background 

The meeting included both MODARIA WG4 participants and partners and invited speakers (S. Uchida; S. 
Sheppard, T. Payne, D. Kaplan, P. Ciffroy) through the STAR project so the remit and relevant interests of 
STAR and MODARIA were initially explained. 

The remit and focus of the STAR project was described. STAR has made information available on a series of 

datasets on radioecological topics on the Radioecology exchange  (www.star-radioecology.org). STAR has 
been working on extrapolation issues to identify suitable methods of filling data gaps where no empirical 

data are available and is interested in how these can be used for Kd.  

The history of relevant IAEA preceding MODARIA was outlined and the activities within the MODARIA 

WG4 described. Participants were informed of the interaction with IAEA Monaco which hosted a small 

meeting to discuss Kd values for marine modeling in March 2014 

The objectives of WG4 were outlined. The importance of prioritizing data gaps by deciding which 

radionuclides (RNs) / parameter values matter was emphasized. This requires analysis of data quantity and 
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quality making use of available data sources and DBs and ensuring we do not reinvent the wheel. Many 

different methods are used to provide derived values, but there is a need to rigorously consider whether the 

methods used are appropriate.  

Other MODARIA WGs have provided feedback to WG4 on issues of interest regarding radioecological data. 

Relevant points include the desire to have a contact point for queries on parameter values, and improving the 

sustainability of parameter value DBs (regularly updated, common QC). 

Current status of WG 4 activities and Kd databases 

Vidal  - The soil Kd database originates from the revision of former TRS 364 that resulted in TRS 472. The 

main aim was to identify updated, key sources of data to compile a DB, to propose best estimates of soil Kd 

for relevant RNs. A log normal distribution was assumed (but not tested). The GM value defined the Kd best 
estimate (n>3). Initial data analysis was done with Kd values grouped according to texture / OM criterion and 

according to a cofactor approach for a number of radionuclides where possible. At present, more data are 

needed for many of the RNs, especially if we would like to move from best estimates to density functions, 
which require a minimum number of entries (n > 10). To update the soil database, there has been a 

reconsideration of criteria to accept data to deal with gaps: now Kd values are included for stable isotopes
1
 

and the use of analogues is explored, such as actinides / lanthanides and clays / soils / sediments. More than 

50 new documents have been critically reviewed and data entered, and more data are yet to be entered. There 
is a significant increase in the number of records (especially for Am, Eu, Ni, Cs, Sr, U and Co): more than 

4560 entries for 77 elements.  

Boyer  - The main freshwater (FW) Kd compilation was originally done by EDF (P. Ciffroy) from a 
bibliography up to 2004. The DB was analyzed and weighted as a function of data type, pH, contact time and 

m/V (mass/volume, mg/L), and expert judgment. The DB contains data from lab studies as well as in situ 

studies. Whilst for soils Kd values are grouped in terms of texture/OM, this was not done for FW DB as the 
data was not available. Only particulate and dissolved fractions were considered – there was no information 

on colloidal fractions. EDF have kindly made the DB available for the MODARIA group. For the WG 4 

analysis the DB will be revised and updated, and will include only raw data. , The user can apply the 

weighting they choose. Currently, of the RN in the ERICA tool, 65% of RN are without GSD value, 23% 
without any value. The goal is to update with new data published since 2004 and other data sources and to 

eventually move from an Excel file to a better DB structure to permit operational coupling between different 

environments. 

Fisher - It is easier to develop a generic set of Kd values for marine systems than for terrestrial or freshwater 

systems, applicable to any site, as the environmental variables tend to be less extreme than in soils and 

freshwater environments (e.g. essentially no pH variability, much lower DOC variability, less variability in 

major ion composition in seawater than in natural FW). Tables in TRS 422 provide calculated Kd values for 
those elements (mostly metals) which have RNs with half-lives long enough to be of potential environmental 

concern. A basic underlying assumption in estimating Kd values is that the RN is fully exchangeable between 

particulate and dissolved phases. The assumption helps to evaluate predictions of elemental sorption to 
sediments for RNs that are introduced into ocean systems. Consequently, element contents that are part of 

the mineral structure of the sediment particle and which are not exchangeable between particulate and 

dissolved phases--that is, they cannot desorb into overlying or pore waters should not be taken into account 
in Kd calculations. Limitations of the Kd approach occur for any solid phase in which a non-exchangeable 

fraction is present, including hot particles. The Kd tables in TRS 422 were generated from measurements of 

the total RN concentrations in the sediments and the concentrations in the associated liquids.  To provide an 

estimate of the “exchangeable” RN fraction on the sediments, the approach selected was to subtract the 
elemental content of mean shale or earth's crustal material from total metal associated with the sediment. The 

difference is presumed to represent the element that was introduced to, and adsorbed on to, the sediments and 

is therefore exchangeable.  When mean shale concentration of an element exceeds total pelagic clay 
concentration (e.g. Y, Nb--see Table 1), or in the rare instances when mean shale concentration is not known 

(e.g. Pd--see Table 1), the pelagic clay concentration was used for deriving Kd values.  

Overall, various trends are evident regarding marine Kd values in that they: 
- Increase directly with surface:volume ratios and inversely with particle size; 

- Increase with organic content of particles; 

___________________________________________________________________________ 

1 also known as indigenous elements although some stable data cannot be considered to be indigenous 



WG4 Minutes - 4th MODARIA WG (FINAL ).doc 3 

- tend to be higher in FW than seawater due, in part, to the presence of more competing ions in the 

latter; 

- Increase inversely with dissolved organic carbon (due to complexation with DOC), thereby keeping 
the RN in the aqueous phase and diminishing its tendency to bind to solids.  

Rough rules:  
- Finer grains have more organic matter � higher SA/V ratio � more binding sites per unit mass � 

accumulate more metals; 

- Metal bioconcentration (CR) values for most metals correlate with Kd in sediments.  
- Redox changes in marine sediments, particularly evident in estuarine waters subject to eutrophication, can 

influence metal Kd values for sediments. Such redox changes promote RN mobilization from sediment, 

releasing RN to overlying waters that can become bioavailable for organisms in the water column.  

- Bioturbation can affect redox conditions, which in turn can influence metal mobility. 

Setting the scene: The issues with respect to modeling; 

Sensitivity to Kd in ERICA -  J. Brown - In ERICA, Kd values are used to derive RN concentration in 

sediment when only water RN concentration are available. STAR is currently in the process of updating the 
ERICA tool. In the current version, Kd values came from TRS 422 (marine) TRS 472 (FW) and SRS-19. If 

there were no FW values, those from TRS 422 were used. One problem is that exponential distributions (ED) 

used in ERICA (because of no viable alternative, and it is a conservative approach) may not be suitable as 
environmental data is normally log normally distributed. Attempts have been made to avoid ED in 

underlying parameters in the tool where possible. In the new version, the assumption is that there is a 1 order 

of magnitude min-max around the recommended values given in TRS 422 = 5th and 95th percentiles (i.e. a 

90th percentile interval). These nominal 5th and 95th percentile values are then used with the same 
methodology as   for FW (in the old version of tool).  This provides us with a standard deviation and allows 

us to apply a lognormal distribution instead of the original exponential distribution. The new Kd value is 2.7 

times higher than the previous value. For FW, GM and GSD are used. Additional data for Kd has also been 
incorporated. The new Kd DB will hopefully mitigate over-reliance on ED and use of marine data for FW 

cases, but there is still a dependence on numerous assumptions. 

Sensitivity analysis (SA) for ERICA uses correlation coefficients between the inputs/parameters and the 
endpoints. SA should determine whether CR or Kd is the more important parameter, but correlation between 

CR and Kd may be important as well. However, the ERICA Tool is currently not pulling across the CR 

values in the ‘sensitivity analysis’ summary plots. SA in the tool is most useful for more complicated 

situations, but the option to perform SA needs to be fixed in the Tool. 

Kds in marine systems in the Aegean Sea, Greece  - H. Florou: Kd values were reported for Cs, Th, 

Ra and U in seawater from the Aegean Sea, Greece and compared with RESRAD-BIOTA and TRS 

422  (used in ERICA). From the comparison among the three cases, one can note: the estimated Kds 

of Cs in the Aegean Sea are closer to IAEA values whereas those of RESRAD are about one order 

of magnitude lower, the Kd values for Ra and U are higher for the Aegean Sea but closer to those of 

IAEA reported, whereas those for Th are lower than that of IAEA and higher than RESRAD. The 

Kds reported by IAEA (used for ERICA) seem to more similar to the range of Kds reported for the 

Aegean Sea than those of RESRAD.  

Kd research related to construction of Chinese NPP -  S. Zhaorong - In China, site-specific measurements 

and Kd determination are required before siting of a NPP. China has not yet carried out research into site-

specific Kd values for coastal areas where NPP may be located, but plans to do so in the future.  Meanwhile, 
values from TRS 422 are used. A series of lab experiments were carried out for characterized muddy and 

sandy soils from six potential inland sites for Kd (not in situ).  The study showed sand grain size ↑ = Kd ↓ 

and how other factors affected Kd.  In general, Kd values from a simulated soil and soil from potential sites 
varied greatly, and therefore the former cannot replace site-specific Kd values.  

Linking Kd for U and Ra with soil properties - H. Vandenhove - The presentation discussed experiments set 

up to link Kd with soil properties for increasing robustness in model predictions by decreasing variability and 

discussed Kd - soil properties relationships that could be derived from IAEA TECDOC 1616. For U, large-
scale single experiments show logKd is correlated with pH in the higher pH range (pH>6.5) and with 

amorphous iron or organic matter content in the lower pH range. These relationships do not hold when 

considering the IAEA compilation. Texture/OM was not the best criterion to categorize U Kd data in the 
IAEA compilation; pH was better – the recommendation for U was 70 for pH<5 to pH>=7, 750 for 

5<=pH<7. There was no difference between spiked soils and indigenous U in soils probably due to the many 

confounding factors like pH, P-content, OM content.  For Ra, Kd Ra was explained by CEC/OM under 
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specific experimental conditions, however, no relationship between Kd and soil properties could be derived 

for the IAEA compilation. Texture / OM was not the best criterion to categorize Ra-Kd, but no other suitable 

classification could be suggested (pH, CEC, OM). Overall, the study demonstrated that it is preferable to 
take measurements of more parameters than only texture and concentration for Kd determination. Particularly 

for Ra there is a lack of Kd values for clay and organic soils. 

Dynamic Kd and sedimentation characteristics in marine environments - V. Vetrov - Primary considerations 

for Kd should be on estuaries, coastal and shelf areas (and not deep ocean). The Kd concept assumes an 
equilibrium balance between dissolved and particulate phases. Recommended values need to be 

conservative. Forecasts of Kd at equilibrium are often based on short term data, and we need to consider the 

variation both in Kd and sedimentation with time. There may be non-equilibrium Kd in sea water, with an 
extremely low suspended matter (SM), and insignificant mass concentration of RNs. The rate of 

sedimentation varies between different types of marine water bodies, and predictions of RN content of 

bottom sediments were given for estuaries, coastal areas and shelf areas. A consideration of adsorption-
desorption processes, leads to an equation which takes into consideration a “half-saturation period”. This 

T1/2S depends on SM concentrations and particle diameter in sea water. 

RN speciation/particles influencing Kd - B. Salbu - However, radioactive particles are often released to the 

environment following nuclear events and may lead to sample heterogeneity, partial leaching and erratic 
measurement data, and thereby underestimation of inventories, increasing associated uncertainty.  When 

sediments or soils act as sinks for particles, the apparent Kd values will initially be high, then decrease over 

time as weathering causes increased mobility of particle associated radionuclides.  Particle characteristics 
(e.g. size distribution, crystallographic structure and oxidation state) affect time dependency of 

environmental transfer.  

 

Mathematical/statistical treatment of Kd data; 

Soil Kd data analysis -  M. Vidal -  Environmental / parameter data population can be represented / fitted to a 

given probability / cumulative density function (PDF/CDF)  (e.g. normal, lognormal, exponential etc), which 

might be a better approach than using a single best estimate value. The selection of the distribution function 
often relies on the number of data or on the available descriptors of the sample population (e.g. AM; min-

max; SD), rather than on statistical testing on the validity of the hypotheses (the dataset is not available) or 

on previous scientific knowledge. To construct CDFs for the Kd soil database we needed to test distribution 
function describing data and fit data to selected distribution function, using whole and partial datasets. All 

datasets were confirmed to follow lognormal distribution. Non conditional CDFs use the whole dataset 

whereas conditional CDFs use partial datasets, which can be selected according to various criteria such as 

texture/OM, cofactors (for a limited number of RNs) or data type (RN sorption; desorption; stable isotope 
sorption). The construction of CDFs for the selected RNs of the database was outlined, strategies for data 

treatment were discussed and initial comparisons of the fitted values for soil type, co-factors and data type 

were shown. Preliminary conclusions are that: 

� Soil Kd best estimates should not be derived from AM. Soil Kd best estimates can be derived either from 

GM from the dataset or, better, from the 50
th

 percentile of the fitted CDF. 
� Kd variability is described better by the 5

th
-95

th
 percentile range, rather than by Min-Max ranges. 

� Criteria for grouping Kd (based on texture and/or cofactors) should be investigated for as many RNs as 

possible.  
� The effect on Kd variability due to the inclusion of stable isotope sorption test data should be tested for 

every RN.  

Challenges are in (i) establishing cofactors to create conditional CDFs; (ii) what to do with small data sets 
and (iii) the need for, and adequacy of, analogues to fill data gaps. 

Sheppard: for soil, anything Kd above 1000 doesn’t matter. Then sorption is so high, that a negligible fraction 
of the RN remains available for transfer/transport (assuming that sorption is mostly irreversible). We should 

really be focused on RNs with Kd values below 100. 

Sheppard:  a small data set is not necessarily a bad one, as long as it is high quality data. 
� In the context of “best estimate” this is obvious. In the context of CDF, it is also OK, but then a CDF 

could not be constructed. 

Salbu: the large variability in Kd values results in large uncertainty in dose calculations. This is why site 

specific data might be needed instead to reduce the variability. Also validation exercises are important. 

Kd data using stable elements in Japanese coastal areas -  S. Uchida -– Stable element Kd values in 19 

Japanese coastal areas were reported by collecting sediments together with ambient seawater samples and 
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measuring 37 stable elements. The experimental data were compared to TRS 422 values and were mostly 

similar, though some elements had higher values in TRS 422. Among such elements,   Mn, Fe and Cd, 

showed a wide range of variation possibly because of the effect of river water. Sr was chosen for further 
analysis and the Kd values showed significant variation between sandy and muddy sediments. 

Cs Kd in terrestrial-coastal environments after Fukushima - K. Tagami -  Cs Kd measured up to 1000 days 

after the Fukushima Daiichi accident at various sampling points is not showing a clear trend, with some sites 

increasing whilst others are decreasing. There is no geographical pattern and the calculated Kd varied three 
orders of magnitude. For comparison, Kd values was calculated using global fallout Cs-137 data before the 

Fukushima accident in coastal environment and the geometric mean was smaller than that observed after 

Fukushima.  Comparison of desorption in Milli-Q water and seawater from contaminated soils showed that 
desorption is significantly higher with sea water. One open question was whether it is better to list both 

adsorption and desorption Kd values, or only a single “best estimate” value for the marine environment? 

Distribution and range of RN Kd values -  D. Kaplan -  It is important to consider uncertainty (imperfect 
knowledge) vs. intrinsic variability (spatial and temporal). There is no such thing as a single “true” Kd value 

of a field site. We aim to provide a representative central value and some estimates of its range that will 

capture uncertainty and variability.  Much of our present knowledge of Kd values is based on laboratory Kd 

measurements (gram scale).  Such measured values, because of their scale, will overestimate the true 
variance experienced at the node level (hectare scale). For Sr Kd values at Savannah River National 

Laboratory (SRNL) expt. site (50 ha x 20 m depth) had a relatively low range of Kd values, 1-1700 mL/g.  

The range of values could be diminished by categorizing the values by soil clay content and pH.  For U, 
which has a complicated chemistry, the range was <1 to 1 million as U(VI) with the highest values at pH6. In 

a study of Kd variability within a stratigraphic rock unit, 650 Kd values were measured from one aquifer. 

Log-normal Fit of Kd values for Cd, Cs Co, Sr, & Y were derived. Proposed guidance for setting distribution 
limits were 95% confidence range for mean Kd values in various soils which resulted in more limited ranges.  

The SRNL study involved large number of samples but this was considered insufficient to provide the 

statistical rigour to determine distribution type. For stochastic modelling, we are interested in the ranges of 

values that may exist at a specific node/cell, and not the range of values everywhere. A majority (not all) of 
the uncertainty was compartmentalized by accounting for variability between hydrostratigraphic units. 

Expert elicitation is needed to bridge the gap between experimental data and the application to larger scales 

and scenario uncertainty. 

Extrapolation and DBs; 

Stable isotope Kd – when are they relevant? -  S. Sheppard - A method to measure Kd whereby pore water is 

extracted under centrifugation was described. The soil is field-moist soil or wet to field capacity (never dried 

and rewetted, as this would cause a respiratory peak) and incubated for 1 week, then elemental conc. are 
measured using ICP-MS (using aqua regia to measure totals in soil (although not the case for a few 

elements). Kd is calculated with a correction for pore water dried onto soil. Benefits are that it minimizes 

experimental artifacts, low cost, better able to get site-specific values, multiple elements for each soil sample, 
better understand of effects of soil type, relevant for long-term assessments such as waste disposal 

assessments and can be broadly applicable (but not always …). This has been done for 108 soils (see 

presentation on MODARIA web site). Interpreting differences between Kd by desorption of stable isotope 
and Kd by sorption of radiotracer needs to be done carefully as some can be attributed to equilibration time 

(occlusion, frayed edge sites, etc.). Desorption values are generally higher than sorption values. The method 

of desorption matters, batch desorption gave much higher values than field capacity centrifuge method. 

Conclusions were that: 
• Kd based on stable isotope concentrations have value 

• Could be argued that they should always be measured even for cases where sorption Kd using 

radiotracer is being measured 

• Should consider the relevance of the method for the intended application  

Payne: agreed that more measurements are better in general. However, although an acid extraction can be a 
good representation of long-term weathering for some rock types, it may not reflect some situations, for 

example an arid environment with a carbonate rock. 

Salbu: stable isotope Kd and sorption Kd should be used for different purposes.  

Determination of PDFs for environmental parameters using Bayesian approaches -  P. Ciffroy – The basic 

principles of Bayesian approach were outlined and how it could be used to derive soil-to-plant PDFs. The 

principle is that the approach combines a prior distribution and a likelihood function to produce a posterior 

distribution. Prior knowledge is defined using analogies with similar systems such as substances, types of 
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river, modeling data, expert knowledge with poor datasets. The Bayesian model is defined for aspects such 

as the type of distribution and the prior/posterior conjugation. The approach for merging prior knowledge 

with poor datasets needs to define relevant priors, to build consistent Bayesian models and to select the ‘best’ 
models based on a compromise between how well model fits the data and the effective number of parameters 

(model complexity). For Kd, three different options for how to use Bayesian techniques were outlined. These 

were (i) a hierarchical approach. In such an approach, Kd values are grouped in several categories such as 

rivers (e.g. (1): Kd values available for the Loire river; (2): Kd values available for the Danube river, etc). 
Prior knowledge is the PDF fitted for all the available Kd values. Posterior PDFs are built by merging prior 

knowledge (i.e. generic) with data available for a specific river. The contribution of river-specific data for 

building river-specific Kd values depends on (i) the number of available data (ii) using an ion binding model 
to generate prior knowledge based on variables driving Kd values, such as organic matter, pH, ionic strength 

and (iii) using the PDF variance from well-known RNs such as Cs, Sr, Co etc. as prior knowledge for 

extrapolation to less well informed RNs. 

Approaches to Kd parameterization used by SKB -  M. Tröjbom – the extension of the repository for 

operational waste (SFR) involves an assessment in which there is a need for 341 element-specific Kd values 

(per element (n=31) - 9 for the regolith and 2 for particulate matter in limnic/aquatic systems). The focus was 

on using realistic, effective, Kd values (i.e. no conservatism wrt dose) and site specific data were prioritised 
over literature data which were used as a support. Many data were collected during site investigations. The 

natural variation is assumed to be lognormally distributed. The parameterisation depends on a few general 

assumptions (i) a broad interpretation of the Kd concept in that processes other than fast, reversible sorption 
are assumed to be included in the empirical constants, e.g. precipitation reactions in approximate equilibrium 

at the spatial and temporal scales modelled, (ii) indigenous stable isotopes are valid for radionuclides of 

interest and (iii) different types of analogues (chemical, environment) are used to fill data gaps (e.g. for 
actinides). The site specific data was based on fresh soil samples equilibrated in the lab, where the dissolved 

phase was extracted by centrifugation and the sorbed phase after aqua regia digestion of the solid aliquot (see 

Sheppard talk in workshop). A DB was constructed in MS Access for site specific Kd for all available 

elements, as well as generic data from IAEA, ERICA, ICRP. For QC, selected values were compared to all 
relevant data sources regarding site data, literature data, analogues and Kd trends but this was not possible for 

many site data as there were no literature values to compare with.  

Genetic algorithms for deriving Kd values from soil parameters - S. Sarioglu - In the ECORISK project 
transport model a generic Kd approach causes significant errors in predicting solute transport, so alternatives 

that account for spatial and temporal variations in hydrogeochemical parameters were considered. We 

initially used the relationship of Sheppard (2011) relating Kd to pH, OM content and clay content. A 

comparison of the outcome with experimental data in IAEA-TECDOC-1616 (2009) was not satisfactory so 
we adjusted the parameters with new data available and evaluated other techniques for identifying 

dependencies using a genetic algorithm method. This is a search algorithm for solving complex non linear 

optimization problems (see ppt for description) freely available for academic purposes. The outcome was 
that GA could be used to find equations for Kd predictions as long as all significant cofactors are included in 

the search data. Missing data negatively impact the success. GA can be used to determine the relative 

importance of available data. The importance of parameter ranges, n, distribution of data and noise remain to 
be studied. 

Analogous approach: one medium to another? FW sediments <> soils -  M. Vidal –  Many gaps in the soil Kd 

DB. Data for clay soils more scarce than other soil textures. No quantitative assessment yet carried out to 

examine the use of sediment data for soil. The FW sediment DB used for TRS 472, has been initially used to 
examine the use of sediment data to fill gaps, especially clay soils. However, the acceptance criteria and the 

purposes (and thus descriptors) of the soil and FW Kd DBs differed so harmonization included: 

- data labeled as “suspended matter” was removed 
- arithmetic means calculated for values labeled as pure analytical replicates 

- geometric means calculated from identical or similar experiments 

For Cs, the Kd GM for clay soils was similar to that for all sediments but for Am the Kd for clay soils and 
that for all sediments differed by several orders of magnitude. The conclusions were that: (i) the potential 

application is RN dependent (better for Cs than Am), (ii) other RNs should be tested – (iii) data treatment 

should be reconsidered (iv) for data from batch sorption experiments, with reasonably high m/V ratios, need 

to consider what are the differences between soil / sub-surface soil /freshwater sediment /marine sediment - 
possible re-categorization to in situ, sorption, desorption, indigenous. 

Comparison of  laboratory and field Kd measurements and controlling co-factors of Kd - T. Payne 
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Application of in-situ lab measurements for transport modelling has been criticised, especially when 

extrapolated to low-flow situations, such as groundwater and soil systems. This is partly because the low 

solid-liquid ratios in laboratory experiments poorly represent many field conditions, although they may be 
applicable to specific cases, such as river sediments. The Koongarra study (Alligator Rivers Analogue 

Project), aimed to improve models for RN migration within geologic environments, particularly in 

application to RN waste repositories. The correct calculation of in-situ Kd for U involves only labile 

(accessible) phases, which in this case meant adsorbed U and U associated with carbonate and amorphous 
iron-phases. In a laboratory study, the Kd (accessible) was c.3 times lower than the Kd (total). Whilst Utot was 

less relevant than Uacc for modelling U sorption, the processes leading to the conversion of U from accessible 

forms to inaccessible forms are relevant in many systems. Many of these processes relate to mineral aging 
and transformation processes, which can convert adsorbed RNs from adsorbed sites into lattice-bound 

phases. The Koongarra study suggests that reasonable agreement between in-situ and laboratory values can 

be achieved where factors are matched between experimental and field conditions (such as pH, partial 
pressure of carbon dioxide, etc), and the distinction between total and accessible RNs is taken into account. 

The co-factors which affect sorption and are related to the solid and aqueous phases include ligands (ions 
present in water which can impact on RN mobility due to their effect on RN speciation). These originate 

from natural sources such as rocks, plants and the atmosphere, as well as anthropogenic processes. Examples 

are inorganic and organic ligands that can either increase or decrease RN mobility or have little effect  (in 
this study of U, citrate generally decreased Kd; phosphate and humic acid increased Kd; whereas sulphate had 

little effect (see Figure in ppt). In summary: 

• Ligands can have a dramatic effect on uranium sorption.  

• Trace mineral phases can dominate sorption. This usually depends on the RN, e.g. Cs is strongly bound 

by illite minerals; whereas U is strongly bound by iron oxides. 

• Mineral transformations may be important, e.g. U bound by amorphous iron minerals may be 

incorporated during the transformation of these minerals to more crystalline phases such as hematite or 
goethite. 

• Surface area normalisation is promising for more consistent Kd values. Environmental materials such as 

soils comprise a range of minerals. Soils containing large fractions of amorphous or clay minerals can 

have large surface areas. Therefore, surface areas of soils vary across a wide range (c. 1 m
2
/g - > 1000 

m
2
/g). Dividing Kd values by the measured surface areas reduces the scatter in sorption data sets, 

although many other factors will still play a role (such as dominant trace phases, pH, etc). 

Therefore, to acquire high quality estimates of Kd a number of factors need to be considered: 

• Solid liquid ratios, which differ between lab and field, river and soil/groundwater 

• Geochemical conditions – e.g. pH, ionic strength, pCO2 

• Distinction between total and extractable RN content 

• Surface area 

• Mineralogy and transformations 

There is a gradation of Kd models for different purposes.  

• The simplest type of model is a constant Kd model, where a single Kd value is selected for the system 

under consideration. This ignores the variable factors controlling Kd but could be applied to a simple 
situation such as sea-water, which tends to have a fairly constant composition. 

• A better approach is to use a range of Kd which might be considered when there is some understanding 

of the variability of a system and the range of applicable Kd values. 

• An approach of intermediate complexity, the so-called “smart Kd”, where Kd is modified according to 

known dependencies with chemical conditions. A simple example is based on the Kurbatov 
relationship, which in its basic form predicts a linear increase of log Kd versus pH for some metals.  

• More complex cases include a derivation of Kd from thermodynamic sorption models and, finally, 

coupled sorption models, where chemical forms are computed based on sets of chemical reactions 

including both aqueous speciation and sorption reactions (and do not necessarily contain an explicit 

Kd). These types of models have significant requirements in terms of both input data and computing 
resources. 

Potential usefulness of the Kd DB for modeling and understanding -  P. Boyer - Suggested priorities for 

enhancing the application of the Kd databases were to 
- complete the set of reference Kd values 

- update existing values and distributions 

- extend the number of RN described by reference Kd distributions 
- develop analysis for conditional distributions (co-factors) 
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- propose methods (statistical or other) for poor data sets 

To implement these priorities we need new measurements (following best practice criteria), to locate more 

data, develop alternative approaches (such as geochemical modeling and the EK model), and refine statistical 
approaches (e.g. Bayesian). The current databases need to be maintained and updated frequently and their 

structures must be adapted to be suitable for common analysis and multi-media applications. Enhanced 

databases would improve our ability to consider cofactors and relationships between: environmental 

compartments and components; isotope, and analogues and anthropogenic and stable isotopes. The benefit of 
updating the databases was demonstrated by comparing CDFs from the enhanced database with that in TRS 

472 for soils. Enhanced databases would also consolidate the assessment of variability via global and 

conditional distribution and allow comparison, identification and/or confirmation (or not) of the effect of 
cofactors as a function of RN, environmental media and/or components. In the situation where there is a lack 

of data, the database could be a tool to fill some gaps and determine default values by considering the 

knowledge supported by the database and conservative criteria determined as a function of compartments 
and environmental processes.  

Structure of the DB - P. Boyer  - The FW and Soils DB contain similar information for the raw data. The 

main differences are the approach (e.g. acceptance criteria for raw data) and inclusion of method-based , 

which is method-based
2
 Kd data for FW (sorption, desorption, contact time, in situ) whereas the soil DB uses 

soil characteristics/properties for soils (pH; organic matter content; texture; soil solution composition) to 

categorize the Kd values or to create partial datasets. To avoid limiting the scope of the analysis, we need to 

prioritize raw data, identify relevant parameters for statistical analysis (cofactors for post-processing), 
introduce sufficient flexibility to integrate different environmental media and parameter sets, and to define a 

Quality System for maintenance and data implementation. Data analysis mentioned above  should be left to 

after data processing into the DB. Examples of proposed criteria were given and will be discussed later in the 
meeting. The main development steps envisaged are: 

• Identify the components required for a common and generic Kd database  

• Determine the database structure and build it  

• Consider eventual integration of current freshwater, soils and marine Kd compilations 

• Begin to complete and regularly update the database (using common management procedures)  

• A first update of TRS values 

• Explore further analysis: relationships between compartments, conditional PDF, impact on the filling of 

gaps linked to poor data sets. 

Geochemical factors affecting Kd modeling. 

The EK model (equilibrium and kinetic) -  L. Garcia-Sanchez - The Equilibrium-Kinetic (EK) model is a 

simple model which explicitly includes the timescales of sorption desorption processes and can overcome 
some of the limitations of the Kd approach when dealing with solute transport. The EK model is a “two-sites 

model” and distinguishes between two kind of sorption sites on the solid phase: (i) sites with rapid sorption 

and governed by an equilibrium constant, and (ii) sites with slow sorption governed by first-order rates. By 

utilising between 2 to 5 parameters, the EK model can simulate solute migration of RN that deviates from the 
Kd assumptions. However, it encompasses the Kd approach if sorption is presumed to be instantaneously at 

equilibrium. The EK model can be used to better interpret the data arising from different methods of 

estimating Kd, as well as from meta-analysis of literature on sorption. For dose assessments it can be used to 
assess sensitivity to hypotheses of sorption and parametric sensitivity of the EK parameters. Such an 

approach has benefits for: 

1) small-scale soil-water systems: Using experimental systems which couple soil-water interactions with 

solute transport by flowing water in experiments (stirred flow-through reactor), a single Kd value cannot 

describe all situations, whereas the EK appears more appropriate, even though not perfect (illustration with 
137

Cs in ppt). 

2) integrated systems for dose assessments: assumptions underlying the description of RN migration in soil 

can affect the endpoints of impact assessment. 

Conclusions: Alternative approaches should be used when the assumptions instantaneous equilibrium for Kd 
are inappropriate. The EK approach is more complex than the Kd, but less sophisticated than approaches 

considering, for instance, the transformations between the different contamination forms in the soil. The EK 

model is relatively new in radioecology. The major obstacles to a wider application are validation (the 

___________________________________________________________________________ 

2 data obtained after treatment of original published data 
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physical interpretation of the 2 types of sorption sites) and documentation of parameter values (by 

experiments or meta-analysis of the existing Kd literature). 

Geochemical modeling - S. Lofts – Kd values reflect the outcome of competitive binding of RN to different 
ligands

3
 in soils, sediments and surface waters. Geochemical modeling is able to predict partitioning based 

on binding to individual ‘ligands if constants for the binding for the RN and competing elements are 

quantified. The ‘Reactive’ concentrations (relevant for binding to ligands) of the RN and competing 

elements, as well as the concentrations of the solid–phase ligands are also required.  Geochemical modeling 
is not appropriate for elements that have a significant biological role such as C. H, N and S. The geochemical 

model can mechanistically account for factors such as pH. The data needs for such models are quite 

extensive. Measurement data taken from the field often have to be converted into a form which can be used 
in the model. Geochemical modeling is a relatively complex, yet powerful way to predict Kd values but few 

models have comprehensive sets of binding constants which are missing or poorly defined for some RN 

elements, e.g. Ra. The validity of assumptions regarding solid-phase composition merits further attention, as 
could the measurement of ‘Reactive’ element concentration measurement, especially in surface waters.  Key 

issues include:  

Is it worth it – is there a sufficient trade-off between predictive power, data needs and data availability? 

Do we want to predict Kd  for the total element (including non-binding components), or just the ‘reactive’ 
pool?  

An alternative, partial simplification can be adopted in a hybrid model which geochemical modeling is used 

for the dissolved phase and empirical modeling of binding for the particulate or solid phase. 

Geochemical modeling for supporting Kd values - T. Payne - Many geochemical processes determine the 

mobility of RNs, including adsorption, precipitation, complexation / speciation, co-precipitation, ion 

exchange, solid phase dissolution and competition. To develop models of U sorption, data is required on U 
sorption in the presence and absence of ligands for a range of conditions, e.g. pH, ratios of ligands to RN and 

U concentration. Data is also needed on thermodynamics of aqueous species, solid phases and complexes 

and on the structure / speciation for aqueous and sorbed phases. Numerical optimisation codes such as 

FITEQL or MINTEQA2 are often applied for the modelling. 

In surface complexation models, sorption takes place at specific co-ordination sites and can be described 

using equations such as:  

X-OH + Me
2+

 ↔ X-O-Me
+
 + H

+
 

This simple reaction describes the displacement of a proton and replacement with a metal cation, and many 

more complex reactions are usually considered. Each reaction is assigned an equilibrium constant (log K 

value).The constraints of modelling include mass balance laws, mass action laws, charge balance and 

accounting for the contribution of electrical charge to equilibrium constants. This results in a complex set of 
numerical equations that must be iteratively solved and are expressed as a matrix. In this way, 

thermodynamic sorption models (TSMs) can simulate experimental RN sorption data as long as they 

incorporate realistic surface chemical reactions. They can predict the effects of pH, RN concentration, 
ligands and can be used to estimate Kd values for transport modelling. 

The strengths and weakness of methods to determine Kd values -  D. Kaplan – There are different types of Kd 

(thermodynamic, empirical and hydrologic). Many different laboratory methods are used to measure Kd, such 
as (ad)sorption batch, semi-mechanistic batch adsorption, parametric, desorption batch, and column 

experiments. There are also field methods, including in situ sampling of paired groundwater and sediment, 

and inverse modeling of contaminant plumes. See ppt. for information on each method. A comparison of 

three Kd methods (batch (Ad)sorption, in situ and desorption) for U at SRNL was presented. All three 
methods were in reasonable agreement. In-situ Kd was higher than sorption or lab desorption, probably due 

to reaching equilibrium conditions. A significant difficulty with applying the in situ Kd approach is in 

defining how to measure the readily remobilize RN fraction, as compared to the total RN concentration, in 
soil, thereby compromising its application for risk modelling.  

Kd values are measured for varying reasons including:  

– Developing a mechanistic understanding of phase partitioning; species and sorption process  

– Quantifying total RN sorption/desorption; “sorption measurements” not necessarily reversible, linear, 

or un-saturated  

___________________________________________________________________________ 

3 including macromolecules/colloids (‘dissolved’ phase) and mineral surfaces (‘particulate’ phase). 
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– For use in transport modeling; it is important that Kd is reversible & linear; desorption Kd are more 

likely to be reversible.  

The strengths and weaknesses of different methods of measuring Kd need to be understood when collating 
and applying them  

Selected outcomes of workshop discussions on key issues  

The reports of the brainstorm groups are available on the MODARIA web site. The main outcomes below 

take into account plenum discussions of the brainstorm summaries, key messages from the presentations 
above and additional editorial inputs.  

The targets for the databases should be to compile sufficient data to enable CDFs to be constructed for the 

main variables which influence the Kd value of key dose-forming RN relevant for human / other organisms.  

Discussions highlight that the work needed to create a common and single database are not compatible with 

the time and resources dedicated to this project. Consequently, it is proposed to transform the existing 

freshwater and soils compilations into independent databases, but sharing the same software and with a 
common structure. The steps are: 1) determine data acceptance criteria, 2) discuss and decide a common 

database structure, 3) transfer existing compilations to databases, 4) decide common approaches for 

statistical treatments. Initial discussions have identified some acceptance criteria: 

• Accepted approaches are batch sorption, in situ desorption, batch desorption and in situ desorption 

with natural/stable isotopes (stable isotope data). 

• No data from either diffusion experiments or from parametric equations/models should be accepted. 

Initially, no data from pure mineral phases should be accepted. 

• Regarding sorption isotherms, a single value representative for the linear Cs vs. Ceq range could be 

entered.  

• Data not representative of environmental conditions could be accepted, to better evaluate the role of 

cofactors (e.g., Kd obtained at extreme values of pH, Eh, ionic strength…).  

• In case of replicates values for a same location, same conditions and a same reference only average 

values are to be recorded and not the results of each individual analytical replicate.  

Outstanding issues are the construction of an “intelligent” database and the production of a guidance/help 
document. The feasibility of a database for Kd values in marine environments needs to be confirmed by 

marine experts.  

The accessibility of the DBs to scientific community is important.  Summary data should be available 
publicly and updated regularly with designated dates for reference and traceability. Access to the full data 

sets should be restricted to only a few people to prevent loss of quality control and introduction of errors. 

Individual requests for access to specific raw data would be treated on a case-by-case basis. 

Data gaps can cover several aspects (radionuclide, space, time, environment and compartment). The aim is to 
identify data gaps, to quantify their importance and to select the ones that are most important in terms of:  

– presence in possible source terms 

–  dose contribution - potential hazard and exposure, (but such considerations vary between sites and 

scenarios of interest), 

–  the type of assessment, higher conservatism at screening tiers may negate the need for more data 
–  how low the likely Kd will be (low Kd  = higher mobility) 

More work is needed on the validity of extrapolating missing RN Kd values from: 

–  stable elements 
–  RN with similar chemical properties (chemical analogues).  For example, can we use Sr

2+
 Kd 

values, which we have a lot of data, to estimate Ra
2+

 Kd values?  Similarly, can we use Th
+4

 to 

estimate Pu
+4

 Kd values? 
–  soil / clay / sediment analogues 

–  Plant root uptake (CR) values (=> soil and sediment Kd) 

–  time dependence (short, average and long term assessments) 

Kd values should not be measured in isolation from relevant factors. Deriving Kd values from cofactors may 
currently be difficult or not possible for RNs that have very few data Therefore, co-factors must be identified 

and measured – but for which RN?. Guidance is needed on what and how to measure for different types of 

RN. It may be as, or more, important to suggest what NOT to do (potential pitfalls) rather than what to do. 
Additionally standardization of methodology can lead to bias in available data. 
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Guidance on appropriate statistical analysis when there are few or no data should differ for different 

purposes (e.g. for different tiers in ERICA) 

 

Action points for before and during the third TM in Vienna: 

The following action points will be discussed at the next meeting in November to determine how to address 

them: 

-  Communicate with IAEA Monaco to discuss progress on inclusion of marine Kd DB  
-  Identify DB criteria for data acceptance, categorization, etc 

-  Decide a common structure for the next soil, freshwater and marine databases  

-  Improve and enhance Kd DBs for soils and FW, contributions from participants to this process  
-  Agree statistical procedures 

-  Consider how to report the non-DB outputs of WG4:  - Guidelines? Definitions? 

-  Consider sustainability and visibility - Tables? TRS?  Report?  Website? 
 

Next Meeting 

The next MODARIA Technical Meeting will be held at IAEA headquarters in Vienna 10–14 November 

2014. 

 

The IAEA’s Programme on 

MOdelling and DAta for Radiological Impact Assessments 

(MODARIA) 

Uncertainties and Variability 

Working Group 4 

Analysis of radioecological data in IAEA Technical Reports Series 

publications to identify key RNs and associated parameter values for human and 

wildlife assessment 

AGENDA 

of the Fourth WG4 Interim Meeting held in Oslo 

20–22 May 2014 

IAEA Scientific secretary:  

M. Phaneuf 

WG leader:  
B. Howard, Centre for Ecology and 

Hydrology, UK 

 

Tuesday 20th May 

Initial briefings and 

background 

Introduction to STAR A  Liland, STAR WP3 
leader 

Introduction to MODARIA WG4 M. Phaneuf, IAEA 

Summary of MODARIA WG4 

activities and current status 

B. Howard, CEH 

 

Current status of MODARIA 

WG4 activities: 

Soil Kd data compilation   M. Vidal, UB 

– brief introductions to TRS 
422 and 472 Kd tables and 

current status 

FW Kd data compilation P. Boyer, IRSN 

Marine Kd data compilation in TRS 

422 

N. Fisher, SUNY 

 

Setting the scene: The issues 

with respect to modeling 

Sensitivity to Kd in ERICA J. Brown, NRPA 

Models capabilities and what 

scenarios the model is 

The role of CRs and Kd values for the 

dose rate estimations in natural 
M. Sotiropoulou and    
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intended to describe, how the 

Kd values are used in models, 

present Kd selection 
procedures 

biota: the case of plant uptake 

pathways 

 

H. Florou, NCSR 

Demokritis 

 

 Kd research progress related to 

construction of Chinese NPP 
S. Zhaorong, NRSC 

The pro/cons of Kd when used 

to predict transfer and dose 

Failure of extrapolating 

findings/relationships from specific 

rather large-scale experiments 
linking Kd with soil 

H. Vandenhove, SCK-

CEN 

 Dynamic Kd and sedimentation 
characteristics in marine 

environments: approaches to 

assessments and do we need them?" 

V. Vetrov, IGCE 

 RN speciation/particles influencing Kd  B. Salbu, NMBU 

 

Mathematical/statistical 

treatment of Kd data  

Soil Kd data analysis M. Vidal, UB 

Bearing in mind the 

requirements of models 

Kd data using stable elements 

collected in Japanese coastal areas 

S. Uchida, NIRS  

Cs Kd in the terrestrial-coastal 
environments after Fukushima 

accident  

K. Tagami, NIRS 

Distribution and Range of RN Kd 

Values 

D. Kaplan, SRL 

 

 

Wednesday 21
st
 May 

Extrapolation and DBs Indigenous-element Kd – when are 
they relevant? 

S. Sheppard, Ecomatters 

Parameterization approaches based on 

Bayesian statistics 
P. Ciffroy, EDF 

Approaches to Kd parameterization 
used by SKB 

M. Tröjbom for SKB  

Genetic algorithms for deriving Kd 

values from soil parameters 
S. Sarioglu, SCK-CEN 

Analogous approach: one medium to 
another? The case of FW sediments 

vs. soils 

M. Vidal, UB 

Differences between laboratory and 

field measurements of Kd 
T. Payne, ANSTO 

The potential usefulness of the Kd 

DBs to determine default values, 

probabilistic distributions, effects of 
co-factors, conditional distributions, 

relations between environmental 

compartments…. 

P. Boyer, IRSN 

Structure of the DB P. Boyer, IRSN 

 

Geochemical factors affecting 

Kd modelling  

The EK model L. Garcia-Sanchez, IRSN 

What affects Kd and how do we 

provide a user-friendly way for 

this to be incorporated into 

models / assessments 

Geochemical modeling  S. Lofts, CEH 

Effects of co-factors related to the 

solid phase / Geochemical Modeling 

for supporting Kd values 

T. Payne, ANSTO 
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The strengths and weakness of various 

methods of determining Kd values: 

Laboratory, field, and geochemical 
modeling 

D. Kaplan, SRL 

 

Brainstorm in three groups Use of analogues to fill gaps  

incl. limitations of using stable isotope data to derived 

contaminant RN Kd  

Group to include an 

experimentalist, modeler,  

expert in soils, marine, FW 

Statistical  - limited data 
How to deal with those cases with a limited number of data 

 Are there times when the geometric mean is not appropriate. 

What may be an alternative approach? 

DB structure  

-  Are there ways, sub-categories, to organize Kd values to shrink 
ranges used in stochastic modeling, (e.g. sand, silt, clay, pH, 

carbonate Kds)?  Should we account for plume / groundwater 

chemistry, soil type, environment, source term ? 

- Minimum and common data requirements for DBs regarding 
soil, FW sediments and marine sediments…  

- Link to model requirements  

 

Thursday 22
nd

 March    

Transport to NRPA; 8:00 – 13:30 

9:00 – 10:30 Continued brainstorm  

11:00 – 13:00 Reporting back to plenum   

 Discuss conclusions and way 
forward 
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