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Abstract

This paper summarises the background to the LUIR action on the development of a flux database for

radionuclide transfer in soil-plant systems. The action is discussed in terms of the objectives, the

deliverables and the progress achieved so far by the flux database working group. The paper describes

the background to the current initiative and outlines specific features of the database and supporting

Documentation. Particular emphasis is placed on the proforma used for data entry, on the database

Help file and on the approach adopted to indicate data quality.

0 5.r
INTRODUCTION

The aim of the UIR flux database working group is to bring together researchers to collate data from

current experimental studies investigating aspects of radionucide transfer in soil-plant systems. The

database will incorporate parameters describing the time-dependent transfer of radionuclides between

soil, plant and animal compartments. However, work under the EC Concerted Action considers only

soil-plant interactions.

Over a 10 year period from 1982, the soil-plant transfer working group of the UIR produced a

database of soil-plant transfer factors (8000 entries). This database formed the basis for the IAEA

'-Landbook on parameter values for radionuclide transfer to crops in temperate environments

(Technical Report Series No. 364). The soil-plant transfer f-actor is a relatively unreliable paramneter,

limited in its application by the prevailing field and experimental conditions when measurements were

made and also by the definition of the parameter. These reservations aside, the UIR working group

provided a successful focus for the activities of groups working on radionuclide transfer in the

biosphere allowing the exchange of ideas, presentation of results and discussion of specific topics.

The original working group attracted some funding from the European Commission to support both

the database and the attendance of young researchers at meetings. These funds were suspended in

1992 and the working group then decided to join with the soil-plant relationships working group of

ESNA. Five joint meetings have since taken place (Halle, 1993; Varna, 1994; Piacenza, 1995; Busteni.

1996; Ghent, 1997). The European Commission (EC) is now supporting the UIR in the development

of a new database that will focus on time-dependent transfer. This new initiative has become known as

the radionuclide flux database (RADFLUX). It is emphasised that the word flux, which has a specific
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meaning in physics, is used in this case simply to iniaeacag ndsrbto frdoulds

with time.

The development of time-dependent compartment models requires data on the amount of a substance

transferred between defined compartments over a known time period; supporting data are also

required on the volume or mass of donor or receiving compartments to determine concentrations.

These data are not readily derived from soil-plant transfer factors and an alternative is therefore

required for the development of time-dependent models. Data are often reported only as equilibrium

parameters, and any time dependency that may have been in the original data is lost as a result of the

method of reporting. There is a further tendency for equilibrium parameters to be used inappropriately

in a time-dependent fashion. The main aim of the flux database is therefore to collate information in a

way that does not constrain the ways in which thatinformation can be used subsequently.

The UK Ministry of Agriculture, Fisheries and Food (MAFF) who is also funding the database, has

made available data that it has collected over the last fifteen years. In addition the authors would like

to acknowledge the financial support of both MAFF and the Industry Management Committee (IMC)

of the UK Health and Safety Executive. Their substantial support and input to the flux database has

contributed greatly to its success.

OVERALL OBJECTIVE

The overall objective of the proposed work is to co-ordinate the development of an international

database of parameters describing the time-dependent behaviour of radionuclides in soil-plant

ecosystems. The flux database will provide the information required for the development of time-

dependent models and for parameters that are consistent with current models. This database will

ensure that the same underlying data are available to all groups interested in the development of risk

assessment models. Specific objectives are as follows.

To construct a radionuclide flux database using data from existing reports and the LUIR transfer factor

database, new data from a U[R working group and from research by co-funding organisations, and

information obtained from the CIS.

To evaluate the database entries for specific model structures and to determine best estimates and

statistical distributions.

To identify gaps in the data, the filling of which would improve models substantially.

To provide a basis for structured discussion in working group meetings within which field, laboratory

and modelling studies can be integrated.

The construction and management of the international database is undertaken through the UIR and the

organisation responsible for database management (Mouchel). The approach is as follows.

Activities of the working group are coordinated to obtain relevant data. Meetings include structured

discussions on field, laboratory and modelling studies. Proforma for entries to the database have been

circulated amongst UIR members, EC research contractors and contractors to the co-funding groups.
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Current literature is reviewed, collated data are added to the database, which is then periodically

distributed to MAFF, MC and contributors.

Model structures versus available data are evaluated and the most appropriate model structures

recommended. Progress reports are prepared.

Provision of recommendations for further experimental work either to fill important gaps in the

database or to provide data that are more relevant for risk assessment.

During December 1997, contact was made with 426 individuals who might have had an interest in the

flux database. Of these, 275 were approached by e-mail and the rest were posted background

information. There were over 100 individual responses and only a small number of these indicated

that they had no interest in the database. Forty-nine research groups have volunteered to submit data at

this stage, whilst another 36 researchers have expressed interest in the project but have yet to commit

themselves to contribute data.

'~he activities of the working group are supported by about 90 colleagues and 18 were able to attend

the first meeting in Piacenza, Italy on February 4-5, 1998. This was a good size for a working group

and provided the opportunity for idividuals to contribute actively during discussions. The meeting

cosdered the development of a Windows Help file and Microsoft® ExcelTrm proforma for data

entries.

Most participants presented synopses of current work on radionuclide transfer with particular

emphasis on time-dependency. Authors and titles are given below - brief summaries, and overheads

are reproduced in the proceedings of the meeting (UIR Pub. R-98 03).

Gregor Zibold: Time dependency of radionuclide transfer in pre-alpine forests and lakes.

Teresa Sauras-Yera: Dynamics of migration in forest soils

Sybile Nalezinski: Some general remarks on the time-dependency of the transfer factor soil/

W ~~~~~plant
Simon Wright: Spatial analysis of vulnerable ecosystems in Europe (SAVE)

Friedenike Strebl: Plant uptake of radionuclides in lysimeter experiments

Franca Carini: Experimental studies on the transfer of deposited radioactivity to strawberries

V. Skarlou: Time dependent 'Csuptake of orange and olive trees.

Brief talks were also given by both Penny Wadey and Martin Frissel.

THE DATABASE

The structure of the database is now largely complete (Table ) and existing data have been

incorporated. The flux database now contains nearly 17,000 records. We have included readily

available data both from the earlier UIR soil-plant transfer data set and more recent tropical/sub-

tropical data provided from the IAEA/UIR CRP by Martin Frissel so that these data are not lost, even

though this was not a task defined in the work programme. The remaiig components of the data set

come from MAFF and represent flux data collated since 1980. Flux data derived frm experimental
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programs have been provided by Carini, Strebl and Zibold. We are also pleased to report that the

Fruits Working Group of the IAEA BIOMASS program is contributing data and the activities of the

UIR-ESNA soil-plant relationship working group is providing access to additional research groups.

The quality of the data that is volunteered for entry to te flux database is a major factor that must be

taken into account. The UIR transfer factor working group attempted to define an experimental

protocol for contributing studies but this was only partially successful because many of the early data

were from experiments in progress prior to the start of' working group activities. It is not the intention

that the working group will predefine experimental protocols, but the expertise of the group will be

available to comment on studies in progress to improve both their validity and the presentation of

results. Quality assurance of database entries will be exercised in terms of check calculations for data

that are provided.

The group has developed a data grading system using a series of macros in Microsoft®D ExcelrMm an

attempt to provide an automated quantitative assessment of data quality (discussed below). This

scores data on the basis of the number of completed fields, laboratory accreditation, study type and

radionuclide source. The scoring system is transparent so that when the database is released, users

will be able to adjust the scores to suit their own needs. This is an attempt to develop a method of

screening data for different levels of reliability. The selected approach allows the user to vary the

weight attached to different fields in order to screen-out certain data. For example, a favorable

weighting could be applied to controlled experiments compared with monitoring data thereby ranking

data on this basis. This is the simplest, most flexible approach to screening data. It is envisaged that

the user could then use this to show how the variability of the parameters selected from the database

changes when more unreliable data are included in the sample.

A set of automatic queries and a report facility has been added to the database (discussed below). This

provides a tabular summary of the number of records per element, subdivided by isotope, for a range

of query types. By double clicking on the report title, the query is automatically run and exported to a

report.

Data proforma

A proforma has been designed in Microsoft® ExcelFm to allow researchers to submit data in a standard

format. The proforma has an associated help file, which includes frequently asked questions and a

glossary. A dedicated emtail address RADFLUX@MOUCIEL.COM fuirther facilitates submission of data.

Proforma.xls is an ExceITM version 5 file with an associated macro. The visual basic macro amends

the menu bar to include reference to a help file (RADFLUX.hlp) via menu item Proforma (the drop

down contains the item Help). The main Help option on the menu bar also provides access to

RADFLUX1hlp through the Proforma item. The macro worksheet is hidden in the Excel file that is

circulated to working group members.
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All data must be submitted for entry using this proforma. Authors are asked to identify any queries

they may have in red on the proforma. When the profornna arrives at Mouchel any fields shown in red
will be reviewed and further guidance provided to the author. Experience has shown that discussion

with each contributor will be necessary to ensure that approaches are consistent.

Proforma.xls contains five worksheets (Proforma, Examples, Notes 1, Notes 2 and Notes 3). The

'Proformia' worksheet provides a list of the database fields in the left-hand column as a reference for

entering data in adjacent columns. Each subsequent column represents a database record. The column

of field labels is repeated in the Help file giving field by field assistance if needed. The 'Examples'

worksheet provides four examples of a database record. The first two are from the open literature

whilst the others were provided by F. Carini from current experimental work on fuits. The 'Notes'

worksheets provide supporting information. It is hoped that contributors will provide similar 'Notes'

nages to allow checks to be made on data entries and to improve the traceability of information.

Search facilities

Database queries allow the user to readily select records of interest according to specific field entries.

The following queries have been implemented to date:

Element
Element and radioisotope
Animal code and type
Plant code and type
Soil code and type
Parameter from to
All animal codes
All plant codes
All soil codes.
The queries are easy to operate; the user only has to specify the appropriate parameters when

-rompted, e.g. Am and 24].

"Ve queries have been named so that their fields of operation are self-explanatory. However, the

Element query was set up to allow sorting in cases where no isotope has been specified. In a specific

Element and radioisotope search, these records would obviously be ignored. By selecting all isotopes

of a given element it is then possible to order them according to isotope. This problem will not occur

with furture entries, as isotopes will be entered in each case, before data is imported from ExcelTm.

The 'All animal / plant / soil codes' select any records which have an entry in that field i.e. all animal

or plant or soil records.

Queries are relatively easy to install and more will be added as appropriate. As the database grows,

there will probably be a need for multi-field or nested queries enabling selection of e.g. all records

involving 06Ru and fruit crops.

Published information

A review of existing time-dependent models was undertaken to ensure that parameters entered into the

database are relevant to existing models. A review of the FARMLAND, LANDFOOD, FOODWEB
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and SPADE models was conducted to establish definitions for each parameter used by these models.

This allows the review of the literature to be more focussed.

A search for relevant literature was limited to the period since 1994, as much of the relevant pre-1994

literature has already been considered by MAFF. The acquisition of literature is on-going and working

group members are requested to highlight important papers from their own area of research and in

particular those in the members state's language that may not be cited in the wider literature. The

Current Contents database is searched weekly and any potentially relevant scientific papers are

obtained.

References ordered from the British Library are scanned to assess their suitability and then classified

as suitable, possibly useful or unsuitable. Papers which fall into the unsuitable / suitable categories are

usually relatively easily identified. The third group, which take longer to assess are papers where it

seems that data can be derived from the paper itself with some assumptions or those where it will be

necessary to contact the author to obtain supporting data. Each reference is given a unique number

and a list maintained in ExcelTm. A 'notes' column is used to provide firther information relating to

the reference, i.e. why it was rejected / accepted / what data can potentially be derived from the paper.

Glossary

The working group is concerned that consistent terminology is adopted both by contributors to the

database and those that might subsequently use the information it contains. For this reason a glossary

was produced and included in the RADFLUX help file. Words or phrases that could be included were

suggested by the working group; the glossary is based on that developed under the BIOMOVS 11 work

program (BIOMOVS IIi Glossary. August 1993) although more limited in scope. Several words are as

yet undefined and these will be fuirther discussed at future meetings.

Comparisons of the glossary definitions with those published by IAFA Waste Disposal, ICRU, HMIP

and VAMP will be undertaken in an attempt to achieve consistency. Alternative definitions will be

presented when there is no consensus and a preferred definition will be suggested.

Data grading

All records are scored based on the number of completed fields in each record. It is not the intention

to exclude results that do not have all supporting information, however, grading of the entries will

allow researchers to make their own decisions about the reliability of any data they choose to use. The

methodology is described below but may change as the database develops further.

The majority of fields are given a score of one if they have an entry. Users should restrict their area of

interest before investigating grading as otherwise it may lead to biases against certain types of data

when considering the database as a whole. For example, there are eight fields relating to soils; a

record concerned with transfers within animals or between plant and animal may not have entries in

these fields and would therefore have a lower score. The queries described above should be used to

restrict the records to those of interest.
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It has been decided to implement the grading system in ExcelTrm, as it is far more versatile in terms of

data manipulation than the version of Access'm employed. A series of macros score the field entries,

which are then summed to give a total and expressed as a fraction of the maximum possible score. The

totals and unique RecordID are then exported into a separate table in AccessTm. Instructions will be

sent to all those who subsequently receive copies of the database explaining how the grading can be

altered to suit their own needs.

The grading system consists of a workbook with four worksheets (Radflux, Scoring, Calculations and

Ranking. Worksheet 'Radflux' is the database itself imported directly into ExcelPm. For all data in the

database at present, it has been necessary to assign grading retrospectively, however, in the future,

entries will be graded prior to iport into Microsoft®L Access~m. The layout of the 'Scoring'

worksheet is shown in Table 2. This sheet applies to the three fields where variable weightings have

so far been applied. By altering the assigned scores in these tables, it is possible for users of the

database to skew the weightings to suit their own requirements. The 'Calculations' worksheet shows

the equations or underlying logic for calculating the score for each record. These are transparent

calculations and are under user control. The 'Ranking' worksheet contains the unique Record_ID) from

the database and the corresponding fraction. This information is then exported to the relational table

called Ranking in AcceSSTM.

CONCLUDING REMARKS

There are no conclusions as yet from the activities of the Action Group. The main deliverables will

be:

- Database and help file;
- Report/commentary on the concept of radionuclide flux; and,
- Data synopsis and analysis of entries.
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Table 1: Database fields.

RecordID Parameter range 1 Mass 2
Animjlant~soil Parameter range 2 Mass units
Date Parameter units Conc I
Location Stats parameter Conc I units
Study type Soil type Stats con 1
Radionuclide source Soil pH Con 2
Element Soil organic carbon Conc 2 units
Radioisotope Plant type Stats con 2
Chemical form Animal type Stable element data
Study period Data grading Depth soil
Physical treatments Soil code Reference
Parameter from Plant code Cross reference
Parameter to Animal code Comments
Parameter value Mass 1 New codes
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Table 2:. Grading scores

Field Grading

.~

Field Study type

Maximum 9

Field Radilonuchide source

Maximum 5

5in>..


