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LEGAL NOTICE

Neither the European Commission nor any person acting on behalf of the Commission is responsible for the use which migh be made of the following information

A great deal of additional information on the European Union is available on the Internet.

It can be accessed through the Europa Server(http://europa.eu.int).

Foreword


In response to a request from the European Commission to “start preparing the initial assessments for substances on the EU working list as these were considered as Community priorities in the context of the industry voluntary initiatives for high production volume chemicals” the copper industry committed to undertake a Voluntary Risk Assessment (VRA) for copper and the copper compounds on the EU working list: Cu, CuO, Cu2O, CuSO4 and Cu2Cl(OH)3. This initiative was endorsed by the EU CAs in 2001. Yearly summaries on progress have been presented at the CA meeting.
This comprehensive VRA dossier has taken four years to complete, with the whole process managed by the European Copper Institute. It was compiled in co-operation with expert consultants from the University of Birmingham/ICON for human health toxicity, from BR. Stern and Associates for human health deficiency, and from Euras/Ecolas for the environment. It is based on the principles of Regulation 793/93, 1488/94 and the detailed methodology laid down in the revised Technical Guidance Document on Risk Assessment for New and Existing Substances. Methodological experiences gained through other metal Risk Assessments, e.g. the incorporation of bioavailability for zinc, were incorporated as appropriate. Additional up to date scientific information was integrated into the assessment where scientifically relevant (i.e. the use of bioavailability models for water, sediment and soil, plus information on copper as an essential nutrient). A broad cross section of the European copper industry has been fully involved in the process and has submitted a significant amount of proprietary data.

To ensure the transparency and quality of the dossier, the initial draft RA reports have been refined by incorporating inputs from the Review Country (Italy – Istituto Superiori di Sanità) and independent peer review panels.

For several of the substances under consideration, targeted risk assessments are required under the Biocidal Product Directive (98/8/EC) and the Plant Protection Products Directive (91/414). These dossiers, which have been/will be provided to the competent authorities (France) by the respective end user industry groups, contain confidential information not available to ECI. However, ECI has worked closely with both of these groups in incorporating relevant information to ensure consistency to the extent possible.

A single dossier covers the assessments for copper metal and the copper compounds, with substance specific aspects provided where relevant. For the base data compilation, extensive literature searches were performed for each substance. Data gaps were filled with analogous data, where relevant, or by additional testing where possible. Where the information was either unnecessary for the copper risk assessment, or impossible to obtain, waiving for testing and/or justification to support derogation is discussed. Some remaining data gaps were identified and will be tackled as a follow-up to this report.

Since the initial submission of the dossier on 15 May 2005, comments have been received from several Member States. The current version reflects comments made by the Member States in writing and during the TCNES meetings. To ensure the transparency and quality of the dossier, the current version and the responses to Member States comments have been refined in close co-oporation with the Review Country (Italy – Istituto Superiori di Sanità).

The human health and environmental sections of the report have been agreed by TCNES (see TCNES opinions) and sent to SCHER for final review.

This Draft Risk Assessment Report is the responsibility of the European Copper Insitute (ECI).  The member companies of the copper industry risk assessment consortium are the owners of the assessment.  These companies are listed below.

Industries/companies wishing to use all or part of the Risk Assessment Reports, and/or their appendices, for regulatory purposes such as for EU REACH registrations, EU Biocidal Products Directive Registrations, or EU Plant Protection Product Directive Registrations, are required to contact ECI to agree terms of access.

In order to avoid possible misinterpretations or misuse of the findings in this draft, anyone wishing to cite or quote any part of this report, or its related appendices, is advised to contact ECI beforehand.

Contact details of the responsible:

Dr. Katrien Delbeke, European Copper Insitute, Tervurenlaan 168, B-1150 Brussels, Belgium.  Tel: +32 2 777 7083, e-mail: kmd @eurocopper.org
Ownership

The industry companies that are part of the industry consortium are listed here:
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	SITE
	ADDRESS
	CITY
	COUNTRY

	ALCHEMA
	East Ord Industrial Estate
	Berwick Upon Tweed TD15 2XF
	UK

	ANGLO AMERICAN BASE METALS
	20 Carlton House Terrace
	London SW1Y 5AN
	UK

	ANTOFAGASTA MINERALS S.A.
	Ahumada 11 - Piso 6
	Santiago
	CHILE

	Atlantic Copper - Cordoba
	Barriada Electromecanica, s/n
	E-14005 CORDOBA
	SPAIN

	Atlantic Copper Barcelona
	Ctra. Palaudaries, Km 0.4
	E-08185 Llica de Vall
	SPAIN

	ATLANTIC COPPER HOLDING S.A. -Huelva
	Avda Francisco Montenegro, s/n
	E-21001 HUELVA
	SPAIN

	B. MASON & SONS LTD.
	WHARF STREET, ASTON
	BIRMINGHAM B6 5SA
	UK

	BHP Billiton Plc
	Avenida Americo Sur Nr. 100 - 8th Floor
	Santiago
	CHILE

	BOLIDEN AB.
	Smaltverket
	S-93281 Skelleftehamm
	SWEDEN

	BOLIDEN CUIVRE ET ZINC
	RUE DU FOURNEAU, 43
	B-4030 GRIVEGNEE (LIEGE)
	BELGIUM

	BOLIDEN LDM NEDERLAND B.V.
	P.O. BOX 42 - LIPSSTRAAT 44
	NL-5150 AA DRUNEN
	NETHERLANDS

	BOLIDEN MINERAL AB
	Klarabergsviadukten 90
	SE - 101 20 Stockholm
	SWEDEN

	BRAZE TEC GmbH
	Rodenbacher Chaussee 4
	D-63457 Hanau-Wolfgang
	GERMANY

	BUNTMETALL AMSTETTEN GES.M.B.H.
	FABRIKSTRASSE 4
	A-3300 AMSTETTEN
	AUSTRIA

	CODELCO-Chile
	Huerfanos 1270, piso 11
	650-0544 Santiago
	CHILE

	Compañia Minera Doña Ines Collahuasi
	Av. Andres Bello 2687 Piso 11
	Las Condes, Santiago 6760276
	CHILE

	Compañia Mineraria Zaldívar
	1125 Seventeenth Street, Suite 2310
	Denver, Colorado 80202
	USA

	CUMERIO (was Umicore Copper)
	Watertorenstraat 33
	B-2250 OLEN
	BELGIUM

	DEUTSCHE GIESSDRAHT GmbH
	Kupferstraße 5
	D-46446 EMMERICH
	GERMANY

	ELMET S.L.
	Barrio Arene 20
	E-48640 BERANGO (Vizcaya)
	SPAIN

	ENZESFELD-CARO METALLWERKE AG
	Postfach 1, FABRIKSTRASSE 2
	A-2551 ENZESFELD/TRIESTING
	AUSTRIA

	Erachem Comilog SA
	Rue du Bois
	B-7334 Saint-Ghislain
	BELGIUM

	EUROPA METALLI S.P.A Fornaci
	Via della Repubblica, 257
	I-55052 Fornaci di Barga (Lucca)
	ITALY

	EUROPA METALLI S.P.A. Serravalle
	Via Cassano 113
	I-15069 Serravalle Scrivia (Alessaandria)
	ITALY

	EUROPA METALLI SpA Campo Tizzoro
	Viale L. Orlando 325
	I-51023 Campo Tizzoro (Pistoia)
	ITALY

	HALCOR METAL WORKS S.A. 
	16 Himaras Str. 
	Maroussi , GR 151 25
	GREECE

	HALCOR METAL WORKS S.A. casting shapes
	Foundry, Oinofyta (55th km)
	GR
	GREECE

	HALCOR METAL WORKS S.A. rolling mill
	Rolling Mill, 252 PIRAEUS STREET
	GR-17778 ATHENS
	GREECE

	HALCOR METAL WORKS S.A. tube
	Copper Tube Mill, Oinofyta (57th km)
	GR
	GREECE

	HÜTTENWERKE KAYSER AG.
	Postfach 15 60, Kupferstraße 23
	D-44505 LÜNEN
	GERMANY

	IBP Group Services Limited
	Whitehall Road 
	Tipton, West Midland DY4 7JU
	UK

	ISAGRO (ex Caffaro)
	Via Caldera, 21
	20153 Milano
	ITALY

	KGHM Polska Miedz SA
	ul. Sklodowsklej-Curie 48
	59-301 Lubin
	POLAND

	KM EUROPA METAL AG
	POSTFACH 3320, Klosterstraße 29
	D-49023 OSNABRUECK
	GERMANY

	KME - Berlin
	Miraustraße 10-14
	D-13509 Berlin
	GERMANY

	KME - Menden
	Carl-Benz-Straße 13
	D-58706 Menden
	GERMANY

	KME Group
	P.O. Box 33 20 Klosterstrasse
	D-49074 Osnabruck
	GERMANY

	LA FARGA LACAMBRA, SA
	Ctra C-17, Km 73,5 COLONIA LACAMBRA
	E-08509 LES MASIES DE VOLTREGA (BARCELONA)
	SPAIN

	MANICA
	Via all'Adige,4
	38068 ROVERETO (Trento)
	ITALY

	Méxicana de Cobre, S.A. de C.V.
	Baja California No. 200 Sixth Floor
	Mexico City 06760
	MEXICO D.F.

	Minera Escondida Limitada
	Avenida Americo Vespucio Sur Nr. 100 - 9th Floor
	La Condes, Santiago
	CHILE

	Mitsubishi Materials Corporation
	20F OtemachiFirst Square West, 1-5-1, Ohtemachi, Chiyoda-KU
	100-8117 Tokyo
	JAPAN

	MKM MANSFELDER KUPFER UND MESSING GMBH
	POSTFACH 1254, Lichtlöcherberg 40
	D-06323 HETTSTEDT, D-0ß6333 Hettstedt
	GERMANY

	MUELLER INDUSTRIES, Inc.
	8285 Tournament Drive, Suite 150
	Memphis, TN 38125
	USA

	NEXANS
	4-10, rue Mozart 
	92587 Clichy Cedex
	FRANCE

	NEXANS BOURG EN BRESSE
	PO Box 101
	F-01003 Bourg en Bresse
	FRANCE

	Nexans IKO Sweden AB
	 
	S-514 81 Grimsas
	SWEDEN

	NEXANS MEHUN SUR YEVRE
	 
	F-18500 Mehun Sur Yevre
	FRANCE

	NEXANS WIRES CHAUNY
	128, avenue Jean Jaures, BP30
	F-02301 Chauny
	FRANCE

	NEXANS WIRES MÂCON
	Rue du Port
	F-71000 Macon
	FRANCE

	Nippon Mining & Metals Co., Ltd
	Toranomon 2-chome, Minato, Ku
	105-0001 Tokyo
	JAPAN

	NORANDA Inc.
	Avda Andrés Bello 2777 Oficina 801
	Las Condes, Santiago 6760276
	CHILE

	NORDDEUTSCHE AFFINERIE AG.
	Postfach 10 48 40, Hovestraße 50
	D-20033 HAMBURG, D-20539 Hamburg
	GERMANY

	NORDIC BRASS AB
	Box 524
	S-721 09 Västeras
	SWEDEN

	Nordox Industries AS
	Ostensjovn. 13, PB 6639 Etterstad
	N-0607 Oslo
	NORWAY

	OK Tedi Mining Limited
	P.O. Box 1, Dakon Road, Tabubil
	Western Province, Papua
	NEW GUINEA

	OMG Kokkola Chemicals Oy
	PO Box 286


	67101 Kokkola
	Finland

	OUTOKUMPU American Brass 
	70 Sayre Street, P.O. Box 981
	Buffalo, NY 14240
	USA

	OUTOKUMPU COPPER Products AB
	Box 510, Metallverksgatan 5
	S-721 88 VAESTERAS, S-721 09 Västeras
	SWEDEN

	OUTOKUMPU Copper Products Oyj
	Riihitontuntie 7 A, P.O. Box 144
	Espoo FIN-02201 
	FINLAND

	OUTOKUMPU COPPER STRIP AB
	Metallverksgatan 20-22
	S-721 88 VAESTERAS, S-721 10 Västeras
	SWEDEN

	Outokumpu Copper Strip AB- Finspang
	 
	S-612 81 Finspang
	SWEDEN

	OUTOKUMPU COPPER TUBES S.A.
	Bº ARKOTXA S/N
	E-48480 ZARATAMO
	SPAIN

	OUTOKUMPU HARJAVALTA METALS OY
	P.O.Box 89
	FIN-29200 Harjavalta
	FINLAND

	OUTOKUMPU MKM LTD. (ex Boliden MKM)
	MIDDLEMORE LANE - ALDRIDGE
	WALSALL, West Midlands WS9 8DN
	UK

	Outokumpu Nordic Brass AB (was BOLIDEN GUSUM AB)
	Gräsdalens Industrial site
	S-610 40 GUSUM
	SWEDEN

	OUTOKUMPU PORICOPPER OY
	P.O. Box 60
	FIN-28101 Pori
	FINLAND

	P.T. Freeport Indonesia Inc.
	1615 Poydras Street P.O. Box 51777
	New Orleans, Louisiana 70112
	USA

	PALABORA Mining Company
	P.O. Box 65 Phalaborwa, 1390
	Limpopo Province
	SOUTH AFRICA

	Phelps Dodge Corporation
	One North Central Avenue
	Phoenix, AZ 85004
	USA

	PRYMETALL GMBH & CO. KG
	Zweifaller Strasse 150
	D-52224 Stolberg
	GERMANY

	Revere Copper Products Inc.
	One Revere Park
	Rome, NY 13440-5561
	USA

	RIO TINTO Plc
	6 St. James' Square
	London SW1Y 4LD
	UK

	Sahna Kaimer GmbH/KG
	Im Teelbruch 80
	D-45219 Essen-Kettwig
	GERMANY

	SCHWERMETALL HALBZEUGWERK GMBH
	POSTFACH 6264, Breiniger Berg 165
	D-52211 STOLBERG, D-52223 STOLBERG
	GERMANY

	SOCIETE DE COULEE CONTINUE DE CUIVRE
	42 RUE FERDINAND-BUISSON - B.P. 105
	F-02301 CHAUNY CEDEX
	FRANCE

	SOCIETE LENSOISE DU CUIVRE
	Boulevard du Marais
	F-62300 LENS CEDEX
	FRANCE

	SPIESS URANIA
	Heidenkampsweg 77
	D-20097 Hamburg
	GERMANY

	STOLBERGER METALLWERKE GMBH & CO. KG
	POSTFACH 1929, Frankentalstraße 5
	D-52206 STOLBERG, D-52222 Stolberg
	GERMANY

	SUMITOMO Metal Mining Co., Ltd
	1 1-3, Shimbasi 5-Chome, Minato-KU
	105-871 6 Tokyo
	JAPAN

	Thyssen Krupp VDM
	Plettenberger Strsse 2
	D-58791 Werdohl
	GERMANY

	TREFILERIES ET LAMINOIRS DE LA MEDITERRANEE
	35 RUE LE CHATELIER
	F-13015 MARSEILLE CEDEX 15
	FRANCE

	TREFIMETAUX - Givet Plant
	Rue des Vieilles Forges
	F-08600 Fromelennes
	FRANCE

	TREFIMETAUX - Niederbruck
	31, Rue Joseph Vogt
	F-68290 Niederbruck
	FRANCE

	TREFIMETAUX - Serifontaine
	Rue M. Thorez, BP3
	F-60590 Serifontaine
	FRANCE

	TREFIMETAUX --usine de Boisthorel
	 
	F-61270 Rai
	FRANCE

	UMICORE ITALIA SRL
	nucleo industriale di Pianodardine (Avellino)
	I-AVELLINO
	ITALY

	WEDNESBURY TUBE & FITTINGS - MUELLER EUROPE
	OXFORD STREET
	GB- BILSTON WEST MIDLANDS WV14 7DS
	UK

	WIELAND-WERKE AG Ulm Vöhringen
	POSTFACH 42 40, Graf-Arco-Straße 36
	D-89070 ULM, D-89079 ULM
	GERMANY

	WIELAND-WERKE AG, WERK LANGENBERG
	POSTFACH 110269,  Ziegeleiweg 20
	D-42530 VELBERT, D-42555 VELBERT
	GERMANY

	WIELAND-WERKE AG, WERK VILLINGEN
	POSTFACH 1780, Lantwattenstr 11
	D-78007 VILLINGEN, D-78050 VILLINGEN-SCHWENNINGEN
	GERMANY

	WILLIAM BLYTHE LIMITED
	Church, Accrington
	Lancashire, BB5 4PD
	UK

	WMC Copper uranium/WMC Resources Limited
	IBM Tower 60 City Road
	Southbank Vic 3006
	AUSTRALIA

	Wolstenholme International
	Springfield House, Lower Ecclesfield Road, Darwen
	Lancashire BB3 0RP
	UK

	XSTRATA Copper 
	Level 9, Riverside Centre, 123 Eagle Street
	Brisbane Q 4000
	AUSTRALIA

	YORKSHIRE COPPER TUBE LTD. (KME)
	East Lancashire Road, Kirby
	LIVERPOOL L33 7TU
	UK

	YORKSHIRE Fittings Ltd
	P.O. Box 166
	Leeds, LS10 1NA
	UK
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VOLUNTARY Risk Assessment

Appendix N: Determination of the Spatial Distribution of Soil Bioavailability Parameters in the European Union 

Report prepared by Parametric
OBJECTIVES

The objectives of this research were 
-to define the spatial distribution of soil parameters that are important in controlling the bioavailability of metals and, 
-to identify reasonable worst case and typical conditions for each of these soil properties. 
These results were further used in the terrestrial bioavailability research project to define areas for the collection of test soils. 

MATERIALS & METHODS

Dataset Compilation
Geo-referenced data for European soil bioavailability parameters were collected.  The most attractive datasets covered a large area, had all data compiled and quality checked in the same manner, were readily available for our use, and contained information on the spatial distribution of some, if not all, of the following soil properties: pH, clay content, percent organic matter (OM), and cation exchange capacity (CEC).  Data were reduced to include only those describing the top 20 cm of the soil profile. Where 0-20 cm data were not available, other topsoil data that most closely matched the 0-20 cm layer (0-15, 0-20, or 0-30 cm) were used.
Description of Databases Used

Seven databases were obtained for this exercise: 

· FAO Digital Soil Map

· ISRIC Global Soil Profile Dataset

· Baltic Soil Survey Dataset

· Netherlands Soil Survey Dataset

· ICP-Forests Soils Dataset

· UK National Soil Inventory

· Italian Soil Survey Dataset
A description of each dataset and a brief summary of the steps taken to prepare the data for analysis are given below.  Upon completion of data preparation, all data were compiled into one database, projected into geographic coordinates
 and displayed in ArcMap(.  The database was then queried to identify topsoils located in the EU for which bioavailability parameter data were available (Figure 1).

· FAO Digital Soil Map 

“The Digital Soil Map of the World” CD-ROM (Version 3.5, November 1995) was obtained from The Food and Agriculture Organization (FAO) of the United Nations.  This dataset gave soil types of the world at a 1:5,000,000 scale in mapping units.  Mapping units were defined by texture classes and soil units (homogenous soil type), or associations of soil units (dominant and component soil types).  The dataset also gave soil properties for the topsoil (0-30 cm) and subsoil (30-100 cm) of 1,700 soil profiles, which were also grouped by texture classes and soil units.  Each soil type was linked with its corresponding topsoil properties by associating common soil units and texture classes.  Since this dataset attempted to classify all of the soil types of the world, no effort was made to target specific soil types/land uses.

· ISRIC Global Soil Profile Dataset

The ISRIC World Inventory of Soil Emissions Potentials (WISE) version 1.1 Microsoft( Access database (Batjes, 2002) gave soil properties for 4,382 world-wide soil profiles (373 in Europe) compiled from 5 main sources: (1) ISIS 4.0, the ISRIC Soil Information System; (2) SDB, the FAO Soil database system; (3) a digital soil data set compiled by the United States Natural Resources Conservation Service (NRCS, formerly SCS); (4) profiles obtained from an international data gathering activity coordinated by the WISE project staff; and (5) profiles gathered from survey monographs held in the ISRIC library.  A rigorous statistical outlier rejection scheme was applied in compiling these datasets.  Because this is a compilation of data, there are inevitably datagaps; however, the dataset is appropriate for use on both a global and regional scale.  As was true for the FAO database, no effort was made to target specific soil types/land uses.

· Baltic Soil Survey Dataset

Data from the “Agricultural Soils in Northern Europe: A Geochemical Atlas” (Clemens et al., 2003) was obtained.  This atlas documented the distribution of over 40 elements, as well as soil properties, in agricultural soils from over 750 sites in 10 countries surrounding the Baltic Sea.  Element concentrations (aqua regia extraction) and soil properties were measured in both a ‘top/ploughed layer’ (0-25 cm or maximum ploughing depth), and a ‘bottom layer’ (well below ploughing depth).  Data were reduced to include only the ‘top layer’.  

· Netherlands Soil Survey Dataset

A dataset containing topsoil (0-10, 0-20 cm) properties and element concentrations for 1,235 sites in the Netherlands was obtained from Dick Brus of the Alterra Research Institute for the Green World Soils Department.  Both natural and agricultural soils were sampled and only 0-20 cm data were used for analysis.

· ICP-Forests Soils Dataset

The International Co-operative Program and EU Scheme on the Protection of Forests Against Atmospheric Pollution provided a dataset containing forest soil properties and element concentrations for 676 soil profiles throughout Europe.  Only topsoil layer (0-20 cm) data were retained. 

· UK National Soil Inventory

Data from the “Statistical and Geostatistical Analysis of the National Soil Inventory of England and Whales” (Oliver et al., 2002) were obtained from Steve McGrath of the Institute of Arable Crops Research.  This dataset contained soil properties and Cu concentrations (aqua regia extraction) for over 6,000 sites within England and Whales.  Samples were collected along a 5-km orthogonal grid and were restricted to the uppermost 15 cm of the mineral soil.  Since data were collected along a regular grid, no specific soil type/land use was targeted.
· Italian Soil Survey Dataset

A dataset containing soil properties and Cu concentrations from a total of 2,427 sites in the Piedmont, Liguria, Emilia Romagna, and Veneto regions of Italy was provided by APAT, Italy.  All data were measured in the 0-30 cm soil layer.

Description of Parameters Included

The parameters of interest for copper included, 

· pH (CaCl2)
· OM content (%)

· Clay content (%)
· CEC (meq/100g)
This set of parameters was entirely available in some datasets while only partially available in others (Table 1).  Furthermore, some datasets reported organic carbon content, but not organic matter content and several datasets reported pH measured in either H2O or KCl, but not in CaCl2 (Table 1).  To convert all data into organic matter content and one common pH unit (pH-CaCl2), the models described in the next section were applied.

Description of Models Applied

For datasets where pH was measured using more than one method, data were compiled and simple linear regression models were developed.  Both the ISRIC and ICP-Forests datasets contained data for pH (H2O) as well as pH (CaCl2), while only the ISRIC dataset contained data for pH (KCl) and pH (CaCl2) (Table 1).  Upon regressing pH (H2O) against pH (CaCl2), a strong, positive, linear relationship was observed (Figure 2).

y = 0.9888x - 0.5268a (r2 = 0.90)

where y = pH (CaCl2), and x = pH (H2O) 

A strong, positive, linear relationship was also observed upon regressing pH (KCl) against pH (CaCl2) (Figure 3).

y = 1.2035x - 0.4578 (r2 = 0.96)

where y = pH (CaCl2), and x = pH (KCl)

These models were used to transform all pH (H2O) and pH (KCl) data into pH (CaCl2).  In general, data converted from pH (H2O) to pH (CaCl2) shifted ½ pH unit down, and data converted from pH (KCl) to pH (CaCl2) shifted ½ pH unit up.  

To convert organic carbon content data into organic matter the following model was used:

Organic Matter (%) = Organic Carbon (%) * 1.57 (EC, 1996)
Where CEC was not given, it was assessed using the following model:

Cation exchange capacity (meq/100g) = 

(30 + 4.4 * pH) * %clay / 100 + (-34.66 + 29.72 * pH) * %OM / 100

(Helling et al., 1964)

Spatial Frequency Distribution Determination
Two distinct methods were employed to estimate the frequency distribution of soil bioavailability parameters throughout the EU.  Using the first method (points-based), the data described above were compiled and entered into Microsoft Excel® spreadsheets, where, for each parameter, every 5th percentile was calculated, and the cumulative density function (CDF) plotted.  Using the second method (area-based), a kriging analysis was conducted wherein the discrete data were used to interpolate a continuous surface for each parameter.  The resulting EU soil surface was then used to define the frequency distributions based on area.
All kriging analyses were conducted using ArcGIS( Geostatistical Analyst.  The “Exploratory Spatial Data Analysis (ESDA)” tools were first used to graphically investigate the statistical properties of the data.  The histogram and Normal QQ plots were plotted and summary statistics (e.g. mean, median, 1st and 3rd quartiles, skewness, and kurtosis) were calculated to assess whether or not the data were normally distributed, a required assumption for some types of kriging.  If the data did not appear to be normal, transformations (e.g. Box-Cox, logarithmic, arcsine) were applied to ensure normality.  These transformations also helped satisfy the required assumption of stationarity, by making the variances throughout the study area more constant.

The trend analysis tool was used to help identify trends in the input dataset.  Data were plotted in three-dimensional space, with the locations of sample points projected on the x,y plane and the value of the data given by the height of a stick in the z dimension.  Values were then projected onto the z,x and z,y planes as scatter plots onto which polynomials were fitted and plotted.  If the curves through the projected points were flat, no trend was apparent; however, definite patterns in the fitted polynomials suggested a global trend in the data.

The “Geostatistical Wizard” was then used to quantify the spatial structure of the data by fitting a spatial-dependence model and make prediction surfaces for each parameter.  Several steps were taken to estimate the theoretical models.  First, a kriging method was chosen based on the statistical characteristics of the data and the type of output surface desired.  Second, knowledge gained from the ESDA tools was used to transform the data to ensure normality and stationarity, and/or remove global trends from the dataset.  Trends were only removed if there was strong justification for doing so (i.e., a known and documented physical process could explain the detected trend).  Third, the semivariogram and covariance functions were modeled.  These elements measured the strength of the assumption that things nearby tend to be more similar than things that are far apart, the primary theory governing all interpolation techniques (Johnston et al., 2001).  The “Semivariogram/Covariance Modeling” dialog box was used to:

1) Select the best model (e.g. spherical, exponential, gaussian) to fit the empirical semivariogram cloud (the difference-squared of the values between each pair of points at different distances)

2) Account for anisotropy (directional influence that cannot be explained by an identifiable process) if applicable

3) Determine the optimal lag size and number of lags (following the rule of thumb that the lag size times the number of lags should be less than one-half of the largest distance in the dataset)

4) Account for measurement error (error associated with having multiple, different measurements at the same location) if applicable

Finally, the “Searching Neighborhood” dialog box was used to determine the neighborhood search size and shape.  The shape of the search neighborhood was chosen based on the presence or absence of directional autocorrelation in the dataset.  The number of points and sectors to be used within the neighborhood were defined objectively based on the spatial locations of the sample data.  In each step, the Geostatistical Analyst provided default parameters.  These defaults were generally chosen unless additional insight into the data suggested the defaults were not appropriate.

Before producing the final surface, the “Cross Validation and Validation” dialog box was used to determine which combination of model parameters provided the best predictions.  The following statistics were calculated and used as diagnostics to assess the uncertainty and variability of the predictions, as well as determine if the predictions were unbiased (centered on the measurement values) and close to the measurement values (Johnston et al., 2001).

· Mean Prediction Error/Standardized Prediction Error: near zero if predictions were unbiased

· Root-Mean Square Prediction Error: small if predictions were close to measurement values

· Standardized Root-Mean Square Prediction Error: close to one if assessment of variability is valid

· Average Prediction Standard Error:  small if assessment of uncertainty valid; close to Root-Mean Square Prediction Error if correctly assessing variability in prediction

Once these criteria were evaluated and the best fitting model was chosen, the final prediction maps were produced (Figures 5, 7, 9, 11).  The surfaces were then converted into a grid format, clipped to the extent of the European analysis countries, and the area-based frequency distributions were determined by classifying the grid cells into 20 quantiles (every 5th percentile). 
RESULTS

Ordinary kriging was used to predict all parameters.  Although global trends were evident in the pH, OM, and CEC data, there were no known physical processes that could explain the trends and; consequently, there was no strong justification for removing them.  In the case of coincidental samples (where multiple data existed at the same location) the mean value was used.

pH

pH data were available throughout Europe with a high density of samples in the UK and the Netherlands (Figure 4).  The data were distributed normally with the points-based 10P, 50P and 90P equal to 3.8, 5.8, and 7.4, respectively. 
The kriging trend analysis tool revealed a strong u-shaped (2nd order polynomial) trend in the east-west direction, and a strong upward sloping (1st order polynomial) trend in the north-south direction.  The final pH prediction map showed that pH was fairly heterogeneous throughout European soils with distinct patches of high pH in Spain, Italy, the UK, and the Netherlands (Figure 5).  The corresponding area-based 10P, 50P and 90P values were 4.6, 5.3, and 6.2, which were less extreme than those calculated using the points-based approach. 
Organic Matter
Organic matter data were available in all European countries; however, there was a high density of samples in the UK and the Netherlands (Figure 6).  Using the point-based method, the 10P, 50P and 90P were 1.7, 5.0, and 20.6%, respectively.  
For the area-based approach, data were log transformed during the kriging analysis as they were positively skewed.  As seen in the pH data, a strong u-shaped (2nd order polynomial) trend was observed in the east-west direction, while, in contrast to pH, a strong downward sloping (1st order polynomial) trend was observed in the north-south direction.  A very strong northeast to south west decline in organic matter was apparent in the final prediction map (Figure 7).  The resulting area-based 10P, 50P and 90P values were 2.7, 9.4, and 26.7%, respectively. 
Clay Content
Clay data were also available in most of Europe; however, there were notably fewer data points located in northeastern Europe than anywhere else and there was a high density of samples in the UK and the Netherlands (Figure 8).  The point-based 10P, 50P and 90P were 3.7, 20.7, and 31.2 %, respectively.  
Strong trends were not apparent in the kriging-produced clay prediction map (Figure 9).  The 10P, 50P, and 90P estimated by the area-based approach were 17.1, 23.3, and 29.2 %, respectively.  The final clay content prediction map showed that clay content was fairly heterogeneous throughout European soils with distinct patches of high clay content in UK, western part of Spain, southern part of Sweden and eastern part of Europe (Figure 9). 

Cation Exchange Capacity

CEC data were also available all throughout Europe.  Again, however, there were notably fewer CEC data located in northeastern Europe than anywhere else and there was a high density of samples in the UK and the Netherlands (Figure 10).  Using the point-based method, the 10P, 50P and 90P were 7.5, 16.2, and 34.9 meq/100g, respectively.
For the area-based approach, a log transformation was applied to normalize the data, a weak u-shaped (2nd order polynomial) trend was observed in the east-west direction, and a strong decreasing linear (1st order polynomial) trend was observed in north-south direction.  Similar to organic matter, the surface generated by the theoretical model showed a very strong northeast to southwest trend of decreasing CEC (Figure 11).  The ensuing 10P, 50P, and 90P values determined from the area-based approach were 12.8, 20.5, and 46.5 meq/100g, respectively.
DISCUSSION

Two distinct methods were employed to estimate the frequency distribution of soil bioavailability parameters throughout the EU.  Both options required the use of a compilation of several datasets, each containing soil properties data for discrete, geo-referenced samples collected throughout the EU.  The sampling regime of each dataset varied: some collected samples randomly and very far apart, while others collected samples along a regular grid and very close together.  As such, the number of samples in each dataset varied, as did the area covered by each dataset, some covering the entire EU, others only a particular country or region.  

The results of these two methods were extremely different (Figure 12 - 15).  This is likely due to the fact that several of the datasets in the database contained a great number of points, but only represented a small area in the EU.  For example, due to the UK National Soil Inventory and Netherlands Soil Survey datasets, the density of points in the UK and the Netherlands were 42.31*10^9 and 34.46*10^9 points/m2, respectively.  This is in stark contrast to the density of points in France (1.67*10^9 points/m2) which was covered by more general, EU-wide datasets (ISRIC, FAO, ICPForests).  Because each data point was considered equal in points-based approach (all relevant data points were included in the frequency distribution calculation), datasets such as these could influence the distributions as much as, if not more than, datasets covering the entire EU (depending on the number of samples in each dataset).  In contrast, these datasets only had a minor influence on the area-based distributions, because the influence of each dataset was proportional to the area it represented.   Because each dataset was accounted for in a comparable way using the area-based approach, this method was considerably more robust and the resulting frequency distributions are far less biased by individual datasets
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Figure 1: Spatial extent of datasets used in bioavailability parameter analysis

Table 1.  Summary of parameters available for bioavailability parameter analysis, by dataset1
	Dataset
	pH - CaCl2 (S.U.)
	pH - H2O (S.U.)
	pH - KCl (S.U.)
	OC         (%)
	OM   (%)
	CEC (meq/100g)
	Clay (%)

	FAO
	M
	A
	-
	A
	M
	A
	A

	ISRIC
	A
	A
	A
	A
	M
	A
	A

	Clemens
	M
	A
	-
	-
	A
	-
	-

	Brus
	M
	-
	A
	-
	A
	M
	A

	ICPForests
	A
	A
	-
	A
	M
	M
	A

	McGrath
	M
	A
	-
	A
	M
	-
	-

	APAT-Italy
	M
	A
	-
	-
	-
	A
	-

	Salminen
	-
	-
	-
	-
	-
	-
	-


1 “A” indicates data were available in dataset, “M” indicates parameter was modeled, “-” indicates data were not available
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Figure 2.  Positive, linear relationship between pH (H2O) and pH (CaCl2)
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Figure 3.  Positive, linear relationship between pH (KCl) and pH (CaCl2)
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Figure 4.  Spatial extent and values of available input pH (CaCl2) data
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Figure 5.  Predicted pH (CaCl2)
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Figure 6.  Spatial extent and values of available input organic matter data
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Figure 7.  Predicted organic matter (%)
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Figure 8.  Spatial extent and values of available input clay data (%)
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Figure 9.  Predicted clay (%)
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Figure 10.  Spatial extent and values of available input CEC data (meq/100g)
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Figure 11.  Predicted CEC (meq/100g)
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Figure 12.  Cumulative density function of pH in European soils 
[image: image11.emf]Frequency distribution OM

0

10

20

30

40

50

60

70

80

90

100

0 10 20 30 40 50 60 70 80 90 100

OM (%)

%

Area - all datasets

Points - all datasets


Figure 13.  Cumulative density function of organic matter content in European soils 
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Figure 14.  Cumulative density function of clay content in European soils 
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Figure 15.  Cumulative density function of CEC in European soils 
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� There are several ways to portray the spherical earth as a 2-dimensional map.  One of these ways is called a “geographic” projection (the latitude and longitude system which is best for finding exact locations on the Earth’s surface).  All of the kriging analyses were conducted using this projection.  Geographic projections do tend to distort area near the poles as Figures 1, and 4-11 indicate.  Although there are projections that can be used to conserve area; after conducting this exercise using one of those projections, the resulting frequency distributions were not significantly different (hundredths of a decimal place).  
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