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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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3.2.5 Effects assessment for the terrestrial compartment 

3.2.5.1 Sources and selection of ecotoxicological data

3.2.5.1.1 Sources of ecotoxicological data

The ecotoxicological data in this report are derived from ongoing research activities and from original papers on the subject, published in international journals. 

3.2.5.1.2 Selection of ecotoxicological data

The toxicity data on invertebrates and plants are from single-species tests that study common ecotoxicological parameters such as survival, growth and/or reproduction. The toxicity data on micro-organisms are from tests in which microbe-mediated soil processes, such as C- and N- mineralisation were studied. These microbial toxicity tests are multiple species tests because these microbe-mediated processes reflect the action of many species in soil microbial communities. 

Relevance

Biological relevancy

The toxicity data on terrestrial organisms are from ecotoxicity tests that study relevant ecotoxicological parameters such as survival, growth, reproduction, litter breakdown, abundance. Relevant endpoints for soil micro-organisms focused on functional parameters (such as respiration, nitrification, mineralisation) and microbial growth. Enzymatic processes are considered less relevant where they involve measurement of extracellular enzymatic activities, or when tests are not equivalent to the Annex V or OECD testguidelines or where their reliability or reproducibility is questionable.
Relevancy of the test media

Only data from observations in natural and artificial (OECD) soil media have been used in this report, tests performed in substrates that were judged as not representative for soils (e.g. nutrient solution, agar, pure quartz sand and farmyard manure) were not included in this effects assessment. 

The data used in the effect assessment should ideally be based on organisms and exposure conditions relevant for Europe. This would, however, considerably reduce the amount of data to be used. Therefore, also data based on soils collected outside Europe have been used, excluding data from tropical or subtropical regions. 

Relevancy of the physico-chemical characteristics of the test media

The main parameters driving the bioavailability of copper (see section Normalised HC5-50  for soils: implementation of bioavailability), i.e. OM, CEC, pH and clay, were used for data selection. If the CEC was missing from a test with plants/invertebrates/micro-organisms, then it was estimated from % clay, pH and %organic matter using an experimentally derived regression model: CEC=(30+4.4 pH)*clay/100+(-34.66+29.72 pH)*OM/100; the clay is the % clay in the soil (Helling et al., 1964; regression based on CEC measured at various pH values on 60 different soils; CEC refers to the CEC measured at soil pH).

Test duration

What comprises “chronic exposure” is a function of the life cycle of the test organisms. A priori fixed exposure durations are therefore not relevant. The duration should be related to the typical life cycle and should ideally encompass the entire life cycle or, for longer-lived species the most sensitive life stage. Retained exposure durations should also be related to recommendations from standard ecotoxicity (e.g. ISO, OECD, ASTM) protocols.

Typically chronic test duration for the higher plants are within the range of 4 (e.g. the barley root elongation test based on ISO 11269-1 (1995)) and 21 days (e.g. the tomato shoot yield test based on ISO 11269-2 (1995)). OECD n° 208 (plant seedling emergence and growth test, 1984) recommended a test duration of at least 14 days after emergence of the seedlings. Testing with soil invertebrates have a typical acute exposure duration of 7 to 14 days for the oligochaetes Eisenia fetida/Eisenia andrei. Assessing the chronic effects of substances on sub-lethal endpoints such as reproduction on oligochaetes has a typical exposure duration of 3 to 6 weeks for the standard organism Enchytraeus albidus (OECD, 2000; ISO 16387). For another standard species Folsomia candida survival and reproduction is typically assessed after 28 days of exposure (ISO 11267, 1999). Reported test duration using soil micro-organisms vary and last 28 days for the carbon transformation test (OECD n° 216) and for the nitrogen transformation test (OECD n° 217).

Reliability

Type of test

Both standard test organisms and non-standard species can be used in the framework of a risk assessment. In general, toxicity data generated from standardised tests, as prescribed by organizations such as OECD and USEPA will need less scrutiny than non-standardised test data, which will require a more thorough check on their compliance with reliability criteria before being used. GLP and non-GLP tests can be used provided that the latter fulfill the stipulated requirements.

For terrestrial soil testing, adequate time should elapse between mixing metal/metal compounds into the test medium and introducing biota (plants or soil invertebrates).  

Concentration-effect relationships 

Because effect concentrations are statistically derived values, information concerning the statistics should be used as a criterion for data selection. In that respect L(E)C10 values are considered as equivalent to NOEC. If no methodology is reported or if values are ‘visually’ derived, the data were considered unreliable. Effect levels derived from toxicity tests using only 1 test concentration always results in unbounded and therefore unreliable data. Therefore, only the results from toxicity tests using 1 control and at least 2 Cu concentrations were retained. 

Chemical analysis 

There is a strong preference for using measured data. The data used in the effect assessment should therefore ideally be based on measured concentrations. This would however considerably reduce the amount of data to be used (for microbial processes: 21% of all selected data are based on nominal values, 7 from the 10 different microbial processes have only nominal values reported; for invertebrates: 48% of all selected individual data are based on nominal values, 6 from the 10 different invertebrate species have only nominal values reported; for higher plants: 41% of all selected data are based on nominal values, 7 from the 9 different species have only nominal values reported).  Therefore, in this effects assessment, both nominal and actual (measured) effect concentrations were selected for PNEC derivation. If it is not mentioned whether the NOEC/L(E)C10 values are based on measured or nominal concentrations, they were considered as nominal concentrations. When copper concentrations were measured using an extraction medium different from aqua regia, measured values were converted to aqua regia when conversion formulas are available.
Tests that do not comply with the above-mentioned stipulations are rated as not reliable and are not recommended for use in the risk assessment exercise.

Missing background concentrations

The effect assessment is performed on total Cu concentrations in the soil, i.e. including background concentrations (total risk approach). For many studies the background Cu concentration (Cb, concentration in the control) of the test soil used was not reported in the original studies. Two different approaches for estimating the missing background copper concentrations in the test media were investigated.

Regression approach

Five equations correlating the Cb with the soil texture were found in the literature. One is based on Belgian soils (Flanders, equation 1; VLAREBO), one on Danish soils (equation 2,   Larsen, M.M. et al., 1996) and the other three on Dutch soils (equation 3; VROM; equations 4, and 5; Lexmond et al., 1986). A test of the ability to predict background Cu concentrations can be performed by applying these equations to the studies collected in this report and which have reported background Cu concentration, and the required physico-chemical properties (clay content, organic matter content, silt content, coarse sand content, fine sand content).
The Danish equation could not be tested as coarse and fine sand content are generally not reported in the studies.  

VLAREBO:

Cb (mg/kg) = 14 + 0.3*Clay (%)




(1)

Larsen, M.M. et al., 1996

Cu (mg/kg) = 7.170 + 0.411*Clay (%) + 0.048*Silt (%) - 0.043*Fine sand (%) - 0.044*Coarse sand (%) - 0.087*Humus (%)  


(2)

VROM: 

Cb = 15 + 0.6*(Clay (%) + OM (%))




(3)

Lexmond et al., 1986:

Organic matter < 25%: Cb = 6 + 0.6*Clay (%)


(4)

Organic matter ≥ 25%: Cb = 40 + 0.6*Clay (%) 


(5)

As seen from a comparison between predicted and measured concentrations (Figure 3‑1) there was a poor correlation. The equation predicting the lowest background Cu can be considered as the most conservative approach in a total risk assessment. The equations by Lexmond et al. (1986) give the most conservative model in this respect. 
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	Figure 3‑1    Comparison between predicted and measured background Cu concentrations in the reported studies.
	Predictions were performed with equations (1) to (4). The solid line is the 1:1 line.


Measured values approach

Missing background concentrations for standard (artificial OECD and natural LUFA soils) and natural soils were estimated as median values from reported measured values for such specific soils:

· Three studies report measured Cu background concentrations in OECD soils: Cb = 6.1 mg Cu/kg (Van Gestel et al., 1991), Cb = 2.4 mg Cu/kg (Spurgeon et al., 1994) and 2.3 mg Cu/kg (University of Ghent, 2005) resulting in a median value of 3.2 mg Cu/kg for the OECD soils.

· Typical Cu concentrations for LUFA soils were reported by Brasser et al. (1997) and varied between 0.81 and 17.1 mg Cu/kg resulting in a median value of 4.6 mg Cu/kg. Cu background concentrations for LUFA 2.2 soils were also reported by the University of Ghent (2005), i.e. 5.7 mg Cu/kg resulting in a typical background concentration of 5.2 mg Cu/kg. A sensitivity analysis on the choice of the Cu concentration in LUFA soils is performed using both the median Cu concentration of 5.2 mg/kg and the lowest boundary, i.e. 0.8 mg/kg. See section Sensitivity analysis.
· Predictions of Cu background concentrations for other soils (OECD and LUFA soils excluded) with missing background concentration were based on the median ambient value reported from natural forest soils in Europe (see report on ‘Data analysis and PEC derivation of copper concentrations in European soils, 2005’), i.e. 10.7 mg Cu/kg. A sensitivity analysis on the choice of Cb is performed using both the PEC ambient Cu concentrations in natural soils (24.4 mg Cu/kg) and the typical ambient Cu concentration in the same soils (10.7 mg Cu/kg), See section Sensitivity analysis.
Conclusions

Figure 3‑1 clearly shows the low predictive capacity for the different equations to predict background concentrations based on soil texture parameters. Subsequently, this approach was not further used in the effects assessment. The use of measured values for estimating the natural background concentration of copper is therefore preferred in the effects assessment.

3.2.5.1.3 Derivation of NOEC/L(E)Cx values 

General approach

According to the TGD (2003) short term L(E)C50 and long term NOEC values could be used in the effects assessment. However, currently the use of concentration-response modeling such as regression models to calculate (L(E)Cx 
) and the classical hypothesis testing (p< 0.05) to derive NOEC values is still under debate. Therefore, it was decided (according to the recommendations of the TGD (2003)) to use NOEC values as the primary source for the effects data. The methods that were used for the derivation of NOEC values are the same as outlined in the TGD (1996) and revisions of the TGD (2003).

If possible, NOEC values should be derived statistically from the data reported (significance level: p = 0.05 (optional: the p = 0.01 level if reported instead of the p = 0.05 level). The NOECs should be derived on the condition that the LOEC results in >10% inhibition compared to the control. If no statistical analysis has been applied, the NOEC is the highest concentration that results in 10% inhibition compared to the control.    

In both cases there must be a consistent concentration-effect relationship, i.e. the LOEC is the concentration at which and above which statistical significant toxicity is found (1) or, when no statistical analysis has been applied (2), >10% inhibition is found. 

If the statistically derived NOEC cannot be derived from the data reported, the L(E)Cx could be calculated from the concentration-effect relationship. In case a benchmark dose (L(E)Cx) is calculated using a regression based approach and this value is to be used as an equivalent for a NOEC value than typically x should represent a low effect percentile (typically 10 %) depending on the % effect allowed in the control. Since toxicity tests use different validity criteria (i.e. sometimes 10-20 % mortality is allowed in the control) the value of x as a surrogate for a NOEC value should be different in each test. Whatever effect level is chosen it is recommended that using an L(E)Cx value that is much lower than the lowest applied (nonzero) dose or concentration should be avoided. According to the draft ISO document (ISO, 2004) estimation of L(E)Cx values below the lowest applied dose introduces a great deal of uncertainty. Furthermore for metals/metal compounds it is imperative that this value should fall within the range of tested concentrations to avoid extrapolating L(E)Cx values below the natural background or below deficiency thresholds for essential elements.

Unbounded NOEC and LOEC values

As supportive evidence, unbounded NOEC values and NOEC’s derived from unbounded LOEC values are included in the data set. The unbounded NOEC values, which are set at the level of the highest test concentration, are indicated by “>”. 

If the “real” NOEC cannot be derived from the reported data and the L(E)C10 value is available the NOEC is set at this L(E)C10 level, unless the L(E)C10 value is considerably lower than the lowest concentration tested. In such case the L(E)C10 value is not used as NOEC equivalent. In case a LOEC is found at the lowest test concentration (unbounded LOEC), the unbounded LOEC value (and therefore NOEC values) will be set at the level of the lowest test concentration, and is indicated by “<”.

3.2.5.1.4 Averaging thresholds for same process/species

In this report averaging of the NOEC values for higher plants, invertebrates and microbial processes was used to avoid over-representation of ecotoxicological data from one particular species or function. The approach used is outlined hereunder: 

· If for one process/species several chronic NOEC values based on the same toxicological endpoint are available, these values are averaged by calculating the geometric mean, resulting in the “species mean” NOEC. 

· If for one species several chronic NOEC values based on different toxicological endpoints are available, the lowest value is selected. The lowest value is determined on the basis of the geometric mean if more than one value for the same endpoint is available.

3.2.5.1.5 Derivation of PNEC values using statistical extrapolation (methods)

The PNEC values were derived from the ecotoxicity data (either NOEC values or L(E)C10 values from laboratory tests), using the ecotoxicological statistical extrapolation method, which is described in the TGD (Chapter 3, Appendix V). 

The terrestrial data set consist of microbial processes and soil invertebrates + higher plants. The endpoints for microbial processes are relevant at the ecosystem functioning level, while the endpoints for soil fauna and plants are relevant at the species level. As formulated by the CSTEE (2004) in its opinion on the Cd EU RAR, if the data indicate there is no difference in sensitivity between the microbial functions and the plants+invertebrates species, the data should be combined in one SSD. TCNES III 2006 further concluded that where data are available for both functions and species, a pragmatic approach is taken: as a starting point, the data-sets from microbial mediated processes and single species tests should be pooled as is done for the aquatic and sediment compartments. Where there is clear evidence that a certain group of organisms is clearly more sensitive than all other organisms in the SSD, the SSD should be split. Therefore in analogy with the CSTEE (2004) opinion and TCNES III 2006 recommendation, a pragmatic approach is taken: as a starting point, the toxicity data for both invertebrates/plants and microbes will be pooled into a single species sensitivity distribution from which a single PNEC for the terrestrial environment will be derived. Where there is clear evidence that a certain group of organisms is clearly more sensitive than all other organisms in the SSD, the SSD will be split and PNECs derived for each sensitivity distribution.
The statistical extrapolation method was used to calculate the median fifth percentile (HC5-50) of both the species and functions sensitivity. The log-normal distribution (e.g. the methods of Wagner & Løkke (1991) and Aldenberg & Jaworska (2000)) and the log-logistic distribution (Aldenberg & Slob, 1993) are pragmatic choices because of its mathematical properties (methods exist that allow for most in-depth analysis of various uncertainties). However, several other techniques could be used in order to derive variability distributions (i.e. species-sensitivity distributions, SSD) and percentiles from parametric (e.g. Log-normal, Weibull distributions,…) and non-parametric methods. Both statistical (e.g. Kolmogorov-Smirnov, Andersen-Darling tests) and visual (e.g. Q-Q plots) goodness-of-fit techniques (software BestFit, Palisade Inc.) were used in order to select the most appropriate distribution function for the compiled chronic data set. Goodness-of-fit tests are formal statistical tests of the hypothesis that the data represent an independent sample from an assumed distribution. These tests involve a comparison between the actual data and the theoretical distribution under consideration. Preference is given to the Andersen-Darling (A-D) test because it places more emphasis on tail values. This test belongs to the wide class of quadratic statistics measuring vertical discrepancy in a cumulative distribution function-type probability plot and is sensitive to departures of the distributions in the tails (Stephens, 1982). The calculated goodness-of-fit statistic measures how good the fit is and is usually used in a relative sense by comparing the values to the goodness-of-fit of other distributions. In addition, critical values are calculated and used in order to determine whether a fitted distribution should be accepted or rejected at a specific level of confidence. Typically, these values depend on the type of distribution fit, the number of data points and the confidence interval. The level at which one distinguishes between likely and unlikely values of the test statistic is a matter of judgment. Typically a significance level of 0.05 is used, implying that a value of the test statistic below the 95th percentile of the distribution for the statistic is acceptable and leads to the inability to reject the hypothesis. A value of the calculated A-D statistic above the 95th percentile of the distribution leads to the rejection of the null hypothesis, i.e. the distribution is not a good fit (Cullen & Frey, 1999).

The HC5-50 and PNEC values are calculated for typical soil scenarios as total bioavailable Cu, i.e. including the background concentrations (total concentrations) and bioavailability/ageing correction based on specific soil properties. 

3.2.5.2 Toxicity test results

3.2.5.2.1 Plants – Long term toxicity

Data on chronic single-species toxicity tests resulting in NOEC values for plants are summarised in Table 3‑1. Values selected for the effects assessment are underlined. In the total risk approach 67 individual high quality NOEC’s (for 9 different species) are selected ranging from 18 mg/kg for Hordeum vulgare (Rothamsted Research, 2004) to 698 mg/kg for Lycopersicon esculentum (Rothamsted research, 2004). 

	Table 3‑1    Overview of the NOEC values for higher plants
	Values selected for the effects assessment are underlined. 

	
	
	
	
	
	
	
	
	
	
	
	Added NOEC
	Total NOEC

	Test subst.
	Organism
	Medium
	pH
	OM
	clay
	Cb
	CEC
	Equil. Period
	Duration
	Endpoint
	NOEC or EC10
	Unbounded NOEC
	NOEC or EC10
	Unbounded NOEC

	
	
	
	
	%
	%
	mg/kgdw
	cmol/kg
	d
	d
	
	mg/kgdw
	mg/kgdw
	mg/kgdw
	mg/kgdw

	CuSO4
	Polygonum convolvulus = Fallopia convolvulus
	Field soil: clayey sand
	6.4
	1.7
	11.1
	12
	9.2
	11
	105
	NOECm
	125
	
	137
	

	CuSO4
	Polygonum convolvulus
	Field soil: clayey sand
	6.4
	1.7
	11.1
	12
	9.2
	11
	34
	NOECy(tp)
	200
	
	212
	

	CuSO4
	Polygonum convolvulus
	Field soil: clayey sand
	6.4
	1.7
	11.1
	12
	9.2
	11
	34
	NOECrep
	200
	
	212
	

	CuSO4
	Polygonum convolvulus
	Field soil: clayey sand
	6.4
	1.7
	11.1
	12
	9.2
	11
	105
	NOECsb
	200
	
	212
	

	
	
	
	
	
	
	
	
	
	
	Kjær and Elmegaard, 1996 [1]

	CuSO4
	Fallopia convolvulus
	Field soil : Hygum site
	6.7
	4.5
	13.8
	22
	15.7
	84
	35
	NOECy(s)
	200
	
	222
	

	CuSO4
	Fallopia convolvulus
	Field soil : Hygum site
	6.7
	4.5
	13.8
	22
	15.7
	84
	35
	NOECy(r)
	200
	
	222
	

	
	
	
	
	
	
	
	
	
	
	Pedersen et al., 2000 [2]

	CuSO4
	Vigna mungo
	Unspecified
	6.2
	
	
	10.7
	
	
	45
	NOECy(st)
	50
	
	60.7
	

	CuSO4
	Vigna mungo
	Unspecified
	6.2
	
	
	10.7
	
	
	45
	NOECy(l)
	100
	
	110.7
	

	
	
	
	
	
	
	
	
	
	
	Kalyanaraman and Sivagurunathan, 1993 [3]

	Cu
	Triticum aestivum
	Loamy sand
	7.8
	0.2
	
	10.7
	
	
	To flag leaf stage
	NOECy(s)
	40
	
	50.7
	

	Cu
	Triticum aestivum
	Loamy sand
	7.8
	0.2
	
	10.7
	
	
	To maturity
	NOECy(g)
	40
	
	50.7
	

	
	
	
	
	
	
	
	
	
	
	Chhibba et al., 1994 [4]

	CuSO4
	Citrus reticulata
	Sandy soil
	5.8
	0.8
	
	10.7
	1.78
	45
	220
	NOECy(s)
	
	<50
	
	<60.7

	CuSO4
	Citrus reticulata
	Sandy soil
	5.8
	0.8
	
	10.7
	1.78
	45
	220
	NOECy(s)
	
	<50
	
	<60.7

	CuSO4
	Citrus limon
	Sandy soil
	5.8
	0.8
	
	10.7
	1.78
	45
	220
	NOECy(s)
	
	<50
	
	<60.7

	CuSO4
	Citrus limon
	Sandy soil
	5.8
	0.8
	
	10.7
	1.78
	45
	220
	NOECy(s)
	
	<50
	
	<60.7

	
	
	
	
	
	
	
	
	
	
	Alva et al., 1993 [5]

	Cu(OH)2
	Avena sativa
	Loamy fine sand
	6.5
	
	
	10.7
	
	14
	49
	NOECy(s)
	
	<100
	
	<110.7

	Cu(OH)2
	Avena sativa
	Loamy fine sand
	7.1
	
	
	10.7
	
	14
	49
	NOECy(s)
	
	<100
	
	<110.7

	Cu(OH)2
	Avena sativa
	Loamy fine sand
	6.7
	
	
	10.7
	
	14
	49
	NOECy(s)
	
	<100
	
	<110.7

	Cu(OH)2
	Avena sativa
	Loamy fine sand
	6.5
	
	
	10.7
	
	14
	49
	NOECy(r)
	100
	
	110.7
	

	Cu(OH)2
	Avena sativa
	Loamy fine sand
	6.7
	
	
	10.7
	
	14
	49
	NOECy(r)
	100
	
	110.7
	

	Cu(OH)2
	Avena sativa
	Loamy fine sand
	7.1
	
	
	10.7
	
	14
	49
	NOECy(r)
	100
	
	110.7
	

	
	
	
	
	
	
	
	
	
	
	Rhoads et al., 1992 [6]

	Cu(Ac)2
	Avena sativa
	Clay soil
	5.6
	1.6
	12
	6
	8.7
	
	150
	NOECy(g)
	200
	
	206
	

	Cu(Ac)2
	Avena sativa
	Clay soil
	5.4
	2.4
	40
	7
	24.7
	
	150
	NOECy(g)
	200
	
	207
	

	Cu(Ac)2
	Avena sativa
	Clay soil
	5.2
	3.2
	58
	58
	34.8
	
	150
	NOECy(g)
	200
	
	258
	

	Cu(Ac)2
	Avena sativa
	Sandy soil
	5.0
	3.4
	4
	4
	6.0
	
	150
	NOECy(g)
	200
	
	204
	

	Cu(Ac)2
	Avena sativa
	Sandy soil
	5.4
	6.8
	5
	19
	11.3
	
	150
	NOECy(g)
	200
	
	219
	

	Cu(Ac)2
	Avena sativa
	Sandy soil
	4.6
	19.4
	4
	21
	22.0
	
	150
	NOECy(g)
	
	≥ 400
	
	≥ 421

	
	
	
	
	
	
	
	
	
	
	De Haan et al., 1985 [7]

	CuSO4
	Avena sativa
	Peaty muck
	7
	56
	
	86
	
	21
	31
	NOECy(s)
	
	≥ 4705*
	
	≥ 4791

	CuSO4
	Glycine max
	Peaty muck
	7
	56
	
	86
	
	21
	46
	NOECy(s)
	1946*
	
	2032
	

	
	
	
	
	
	
	
	
	
	
	Roth et al., 1971 [8]

	Cu(NO3)2
	Lolium perenne
	Loamy soil
	7.5
	3.1
	12.8
	10.7
	14.0
	
	102
	NOECy(s)
	95.3
	
	106.0
	

	Cu(NO3)2
	Lolium perenne
	Loamy soil
	7.5
	3.1
	12.8
	10.7
	14.0
	
	102
	NOECy(r)
	95.3
	
	106.0
	

	
	
	
	
	
	
	
	
	
	
	Jarvis, 1978 [9]

	CuSO4
	Hordeum vulgare
	Forest soil


	7.6
	3.8
	8
	17.2
	12.4
	0
	14
	NOECg(s)
NOECg(r)
NOECse
	304.8

20.2

111.8
	
	322

37.4
129
	

	CuSO4
	Hordeum vulgare
	Artificial soil
	7.8
	0.3
	0
	0
	0.6
	0
	14
	NOECg(s)
NOECg(r)
NOECse
	11.2

1

11
	
	11.2

1

11
	

	
	
	
	
	
	
	
	
	
	
	Ali et al, 2004 [10]

	CuCl2
	Hordeum vulgare
	Sandy loam Nottingham
	3.4
	8.3
	13
	17
	6.7
	7
	4
	EC10rl
	58
	
	75
	

	CuCl2
	Hordeum vulgare
	Loamy sand Houthalen
	3.4
	3.2
	5
	2
	1.9
	7
	4
	EC10rl
	16
	
	18
	

	CuCl2
	Hordeum vulgare
	Loamy sand Rhydtalog
	4.2
	20.7
	13
	14
	15.2
	7
	4
	NOECrl
	30
	
	44
	

	CuCl2
	Hordeum vulgare
	Sandy clay loam Zegveld
	4.7
	37.3
	24
	70
	35.3
	7
	4
	NOECrl
	80
	
	150
	

	CuCl2
	Hordeum vulgare
	Loamy sand Kovlinge I
	4.8
	2.6
	7
	6
	2.4
	7
	4
	NOECrl
	45
	
	51
	

	CuCl2
	Hordeum vulgare
	Sandy clay

Souli I
	4.8
	0.7
	38
	31
	11.2
	7
	4
	NOECrl
	77
	
	108
	

	CuCl2
	Hordeum vulgare
	Sandy loam Kovlinge II
	5.1
	3.8
	9
	8
	4.7
	7
	4
	NOECrl
	37
	
	45
	

	CuCl2
	Hordeum vulgare
	Loamy sand Montpellier
	5.2
	1.2
	9
	5
	2.5
	7
	4
	EC10rl
	38
	
	43
	

	CuCl2
	Hordeum vulgare
	Clay Aluminosa
	5.4
	1.4
	51
	21
	22.6
	7
	4
	NOECrl
	252
	
	273
	

	CuCl2
	Hordeum vulgare
	Sandy clay loam Woburn
	6.4
	7
	21
	22
	23.4
	7
	4
	NOECrl
	144
	
	166
	

	CuCl2
	Hordeum vulgare
	Silt loam

Ter Munck
	6.8
	1.6
	15
	22
	8.9
	7
	4
	NOECrl
	55
	
	77
	

	CuCl2
	Hordeum vulgare
	Silty clay loam Vault de Lugny
	7.3
	2.3
	38
	21
	26.2
	7
	4
	NOECrl
	154
	
	175
	

	CuCl2
	Hordeum vulgare
	Silty clay loam Rots
	7.4
	2
	27
	14
	20
	7
	4
	NOECrl
	47
	
	61
	

	CuCl2
	Hordeum vulgare
	Clay

Souli II
	7.4
	4.2
	46
	34
	36.3
	7
	4
	EC10rl
	120
	
	154
	

	CuCl2
	Hordeum vulgare
	Silt loam Marknesse
	7.5
	2
	26
	18
	20.1
	7
	4
	NOECrl
	37
	
	55
	

	CuCl2
	Hordeum vulgare
	Loam

Barcelona
	7.5
	2.4
	21
	88
	14.3
	7
	4
	NOECrl
	77
	
	165
	

	CuCl2
	Hordeum vulgare
	Clay

Brecy
	7.5
	2.4
	50
	31
	23.5
	7
	4
	NOECrl
	44
	
	75
	

	CuCl2
	Hordeum vulgare
	Loam

Guadalajara
	7.5
	0.6
	25
	7
	16.9
	7
	4
	NOECrl
	
	<37
	
	<44

	CuCl2
	Hordeum vulgare
	Sandy clay

Hygum
	5.4
	3.3
	23
	21
	6.7
	7
	4
	NOECrl
	114
	
	135
	

	CuCl2
	Hordeum vulgare
	Loamy sand Wageningen A
	4.3
	2.2
	9
	19
	1.2
	7
	4
	NOECl
	
	<70
	
	<89

	CuCl2
	Hordeum vulgare
	Loamy sand Wageningen D
	5
	2.3
	9
	19
	1.9
	7
	4
	NOECrl
	
	>138
	
	>157

	CuCl2
	Hordeum vulgare
	Sand

Woburn salt
	6.5
	1.7
	8
	13
	8.4
	7
	4
	NOECrl
	44
	
	57
	

	CuCl2
	Hordeum vulgare
	Sand

Woburn cake
	6.5
	2.5
	8
	35
	11.6
	7
	4
	NOECrl
	
	<50
	
	<85

	CuCl2
	Lycopersicon esculentum
	Sandy loam Nottingham
	3.4
	8.3
	13
	17
	6.7
	7
	28
	NOECy(s)
	19
	
	36
	

	CuCl2
	Lycopersicon esculentum
	Loamy sand Houthalen
	3.4
	3.2
	5
	2
	1.9
	7
	28
	NOECy(s)
	
	<20
	
	<22

	CuCl2
	Lycopersicon esculentum
	Loamy sand Rhydtalog
	4.2
	20.7
	13
	14
	15.2
	7
	28
	NOECy(s)
	357
	
	371
	

	CuCl2
	Lycopersicon esculentum
	Sandy clay loam Zegveld
	4.7
	37.3
	24
	70
	35.3
	7
	28
	NOECy(s)
	628
	
	698
	

	CuCl2
	Lycopersicon esculentum
	Loamy sand Kovlinge I
	4.8
	2.6
	7
	6
	2.4
	7
	28
	NOECy(s)
	85
	
	91
	

	CuCl2
	Lycopersicon esculentum
	Sandy clay

Souli I
	4.8
	0.7
	38
	31
	11.2
	7
	28
	NOECy(s)
	43
	
	74
	

	CuCl2
	Lycopersicon esculentum
	Sandy loam Kovlinge II
	5.1
	3.8
	9
	8
	4.7
	7
	28
	NOECy(s)
	197
	
	205
	

	CuCl2
	Lycopersicon esculentum
	Sandy loam Montpellier
	5.2
	1.2
	9
	5
	2.5
	7
	28
	NOECy(s)
	
	<41
	
	<46

	CuCl2
	Lycopersicon esculentum
	Clay

Aluminosa
	5.4
	1.4
	51
	21
	22.6
	7
	28
	NOECy(s)
	176
	
	197
	

	CuCl2
	Lycopersicon esculentum
	Sandy clay loam Woburn
	6.4
	7
	21
	22
	23.4
	7
	28
	NOECy(s)
	91
	
	113
	

	CuCl2
	Lycopersicon esculentum
	Silt loam                 Ter Munck
	6.8
	1.6
	15
	22
	8.9
	7
	28
	NOECy(s)
	198
	
	220
	

	CuCl2
	Lycopersicon esculentum
	Silty clay loam       Vault de Lugny
	7.3
	2.3
	38
	21
	26.2
	7
	28
	NOECy(s)
	311
	
	332
	

	CuCl2
	Lycopersicon esculentum
	Silty clay loam       Rots
	7.4
	2
	27
	14
	20
	7
	28
	NOECy(s)
	660
	
	674
	

	CuCl2
	Lycopersicon esculentum
	Clay                      Souli II
	7.4
	4.2
	46
	34
	36.3
	7
	28
	NOECy(s)
	628
	
	662
	

	CuCl2
	Lycopersicon esculentum
	Silt loam      Marknesse
	7.5
	2
	26
	18
	20.1
	7
	28
	NOECy(s)
	227
	
	245
	

	CuCl2
	Lycopersicon esculentum
	Loam           Barcelona
	7.5
	2.4
	21
	88
	14.3
	7
	28
	NOECy(s)
	315
	
	403
	

	CuCl2
	Lycopersicon esculentum
	Clay                    Brecy
	7.5
	2.4
	50
	31
	23.5
	7
	28
	NOECy(s)
	100
	
	131
	

	CuCl2
	Lycopersicon esculentum
	Loam        Guadalajara
	7.5
	0.6
	25
	7
	16.9
	7
	28
	NOECy(s)
	313
	
	320
	

	CuCl2
	Lycopersicon esculentum
	Sandy clay        Hygum
	5.4
	3.3
	23
	21
	6.7
	7
	28
	NOECy(s)
	106
	
	127
	

	CuCl2
	Lycopersicon esculentum
	Loamy sand Wageningen A
	4.3
	0.2
	9
	19
	1.2
	7
	28
	NOECy(s)
	
	<70
	
	<89

	CuCl2
	Lycopersicon esculentum
	Loamy sand Wageningen D
	5
	0.3
	9
	19
	1.9
	7
	28
	NOECy(s)
	71
	
	90
	

	
	
	
	
	
	
	
	
	
	
	Rothamsted research, 2004 [11]

	Cu(OH)2
	Lycopersicon esculentum
	loamy fine sand (thermic Typic Paleudult)
	4.8-5.5                                                           

5.9-6.5

6.5-6.6

7.1-7.4
	2.7

2.7

2.7

2.7
	9

9

9

9
	10.7

10.7

10.7

10.7
	7.9

9.2

9.6

10.5
	14

14

14

14
	42

42

42

42
	NOECy(s)
	175

350

350
	<175
	185.7

360.7

360.7
	<185.7



	
	
	
	
	
	
	
	
	
	
	Rhoads et al (1989) [12]

	CuSO4
	Oryza sativa
	Oxysol
	6
	1.5
	
	1
	
	
	28
	NOECy(s)
	66
	
	67
	

	CuSO4
	Phaseolus vulgaris
	Oxysol
	6
	1.5
	
	1
	
	
	21
	NOECy(s)
	40
	
	41
	

	CuSO4
	Zea mays
	Oxysol
	6
	1.5
	
	1
	
	
	21
	NOECy(s)
	56
	
	57
	

	CuSO4
	Glycine max
	Oxysol
	6
	1.5
	
	1
	
	
	28
	NOECy(s)
	13
	
	14
	

	CuSO4
	Triticum aestivum
	Oxysol
	6
	1.5
	
	1
	
	
	28
	NOECy(s)
	63.5
	
	64.5
	

	
	
	
	
	
	
	
	
	
	
	Fageria, 2001  [13]

	CuSO4
	Medicago sativa
	Silty loam
	7.1
	0.3
	
	39
	
	
	
	NOECy(stp
	1,500
	
	1,539
	

	CuSO4
	Medicago sativa
	clayey
	7.8
	1.8
	
	37
	
	
	
	NOECy(stp
	1,253
	
	1,290
	

	CuSO4
	Medicago sativa
	Silty loam
	6.1
	14.5
	
	40
	
	
	
	NOECy(stp
	860
	
	900
	

	CuSO4
	Medicago sativa
	Sandy loam
	7.5
	1.1
	
	57
	
	
	
	NOECy(stp
	821
	
	878
	

	CuSO4
	Medicago sativa
	loamy
	5.3
	12
	
	4
	
	
	
	NOECy(stp
	816
	
	820
	

	
	
	
	
	
	
	
	
	
	
	Gonzales, 1991 [14]

	CuSO4
	Zea mays
	Peat soil
	5.2
	75
	
	76
	
	20
	21
	NOECy(s)
	
	<200
	
	<276

	
	
	
	
	
	
	
	
	
	
	McBride, 2001 [15]

	CuSO4

CuSO4

CuSO4

CuSO4
	Senecio vulgaris

Poa annua

Andryala integrifolia

Hypochoeris radicata
	regolithic acidic

regolithic acidic

regolithic acidic

regolithic acidic

regolithic acidic

regolithic acidic

regolithic acidic

regolithic acidic

regolithic acidic

regolithic acidic

regolithic acidic

regolithic acidic
	4.1

4.1

4.1

4.1

4.1

4.1

4.1

4.1

4.1

4.1

4.1

4.1
	1.9

1.9

1.9

1.9

1.9

1.9

1.9

1.9

1.9

1.9

1.9

1.9
	17.5

17.5

17.5

17.5

17.5

17.5

17.5

17.5

17.5

17.5

17.5

17.5
	158

158

158

158

158

158

158

158

158

158

158

158
	10.1

10.1

10.1

10.1

10.1

10.1

10.1

10.1

10.1

10.1

10.1

10.1
	28

28

28

28

28

28

28

28

28

28

28

28
	>105

210

>175

196
	LC10m

EC10rep
EC10se

LC10m

EC10rep
EC10se

LC10m

EC10rep
EC10se

LC10m

EC10rep
E10Cse
	67
28

181
379
42
158
76
/

78

192
192
181
	
	225
186

339
537
200

316

234

/

236

350
350
339
	

	
	
	
	
	
	
	
	
	
	
	Brun et al (2003) [16]

	CuSO4

CuSO4
	Cleopatra mandarin

Swingle citrumelo
	fine sand (Typic Quartzipsamments) from topsoil (0-15 cm) of an orange grove
	5

5

6

6

7

7

5

5

6

6

7

7
	
	
	10.7

10.7

10.7

10.7

10.7

10.7

10.7

10.7

10.7

10.7

10.7

10.7
	
	90

90

90

90

90

90

90

90

90

90

90

90
	106

106

106

106

106

106

106

106

106

106

106

106
	NOECy(r)

NOECy(s)

NOECy(r)

NOECy(s)

NOECy(r)

NOECy(s)

NOECy(r)

NOECy(s)

NOECy(r)

NOECy(s)

NOECy(r)

NOECy(s)
	100

100

50

100

100
	>200

>200

>200

>200

>200

>200

>200
	110.7

110.7

60.7

110.7

110.7
	>210.7

>210.7

>210.7

>210.7

>210.7

>210.7

>210.7

	
	
	
	
	
	
	
	
	
	
	Mozaffari et al (1996) [17]


NOEC indices: m = mortality; y = yield (based on root (r), shoot (s), leaves (l), stem (st), grain (g), tubers (tub) or total plant (tp) dry weight); rep = reproductive dry matter; sb = seed biomass; ; se=seedling emergence; rl = root length. Estimated background copper concentrations and CEC** are indicated in italics.

*measured concentration-Cb

** If the CEC was missing from a test with plants/invertebrates/micro-organisms, then it was estimated from % clay, pH and %organic matter using an experimentally derived regression model: CEC=(30+4.4 pH)*clay/100+(-34.66+29.72 pH)*OM/100; the clay is the % clay in the soil (Helling et al., 1964; regression based on CEC measured at various pH values on 60 different soils; CEC refers to the soil pH).

Footnote: toxicity of copper to higher plants

[1] Kjaer & Elmegaard (1996). Polygonum convolvulus L. - now Fallopia convolvulus (black bindweed). Statistics: Tukey’s t-test. Soil type: topsoil (0-15 cm) obtained from a cultivated field at the Kalø Estate, Denmark: pH 6.4 %O.M. 1.7, %clay 11.1, and Cb = 12 mg/kg. Test compound (CuSO4) added as aqueous solution to sieved (4 mm) soil dried at 60 °C for 24 hr. Test concentrations:  0-125-200-315-500 mg/kg. After an equilibration period of 11 days, the seedlings were transplanted to the pots. Plants are regularly irrigated with a standard nutrient solution (Cu 0.008 mg/l), no leaching. Test conditions: greenhouse pot experiment, 500g dry soil/pot, day/night regime of 8/16 hr at >10°C/(18°C. NOEC's are the highest concentrations showing no statistically significant inhibition compared to the control.
Exposure parameters: (a) yield (above-ground biomass dry weight), (b) reproduction (reproductive dry matter), (c) seed biomass, (d) mortality

Equilibration time: 11 days

Exposure period: (a) and (b) 34 days, (c) and (d) 105 days (maturity)

Reliability: high quality NOEC values are 125 (mortality) and 200 mg/kg (yield, biomass, reproduction)

[2] Pedersen et al. (2000). Fallopia convolvulus (black bindweed). Statistics: NOEC determined without using statistics. Soil type: uncontaminated field soil collected at the Hygum field site, Denmark: pH 6.7, %OM 4.5, %clay 13.8, Cb = 22 mg/kg. Test compound (CuSO4) added as aqueous solution and mixed thoroughly with the soil. Test concentrations: 0-100-200-300-400-500-600 mg/kg. Test conditions: greenhouse pot experiment, 500 g dry soil/pot, day/night regime of 8/16 hr at >10°C/(18°C.
Exposure parameters: (a) yield (shoot biomass dry weight), (b) yield (root dry weight)

Equilibration time: 84 days

Exposure period: 35 days

Reliability: high quality NOEC value is 200 mg/kg (yield)

[3] Kalyanaraman and Sivagurunathan (1993). Vigna mungo (blackgram). Statistics: no statistics indicated. Soil type: non EU soil (India): pH 6.2. Test compound (CuSO4). Tested concentrations: 0-50-100-150-200-250 mg/kg. Four kg of air dry soil was put in pots in a greenhouse. Seeds were sowed in the pots and thinned to 5 per pot 7 days after emergence. NOEC is the highest concentration with ≤ 10% inhibition compared to the control.

Exposure parameters: (a) yield stem dw, (b) yield leaves dw

Equilibration time: -

Exposure period: 45 days

Reliability: high quality NOEC values are 50 (yield stem) and 100 (yield leaves) mg/kg. 

No bioavailability correction possible as CEC is not given or can not be derived.

[4] Chhibba et al. (1994). Triticum aestivum (wheat). Statistics: least square difference (0.05). Soil type: non EU soil (India): loamy sand: pH 7.8, %OM 0.2. No indication how test compound (Cu, no further details) was added, but indication of mixing with soil. Test concentrations: 0-5-10-20-40-80-160-320-640 mg/kg. Test conditions: 3 kg soil was transferred to pots lined with polyethylene sheets. Soils received a basal dose of N (100 mg/kg), P (11 mg/kg), K (21 mg/kg) and Zn (5 mg/kg). Ten seeds of wheat were sown in each pot, which after germination were thinned to 7 plants. NOEC is the highest tested concentration showing no significant inhibition compared to the control.

Exposure parameters: (a) yield dry matter, (b) grain yield

Equilibration time: -

Exposure period: to flag leaf stage (yield dry matter) or to maturity (grain yield)

Reliability: high quality NOEC values is 40 mg/kg (yield)

No bioavailability correction possible as CEC is not given or can not be derived.

[5] Alva et al. (1993). Citrus reticulata Blanco (Cleopatra mandarin) and Citrus limon (rough lemon). Statistics: ANOVA + LSD test. Soil type: non EU soil (USA); sandy soil; pH 5.8, %OM 0.8. Test compound (CuSO4) added. Test concentrations: 0-50-100-200 mg/kg. Test conditions: greenhouse experiment, 3.2 kg soil was put in pots with a single tree, the soil was mixed prior to the experiment with fertilizer formulated for young citrus trees containing 8-4-8 N-P2O5-K2O at a 400 mg/kg rate. All toxicity tests resulted in unbounded NOEC values. 

Exposure parameters:  yield shoot

Equilibration time: 45 days

Exposure period: 220 days

Reliability: All values were rejected as they were unbounded.

[6] Rhoads et al. (1992). Avena sativa (oat). Statistics: not indicated. Soil type: non EU soil (USA): loamy fine sand: pH (a) 6.5, (b) 6.7, (c) 7.1. Test compound (Cu(OH)2) added and mixed thoroughly with the soil together with different rates of calcite (+0, +3, +6 g/kg; see pH). Test concentrations: 0-100-200-400 mg/kg. Test conditions: 2 kg dry soil was put in pots, 4 seedlings transplanted into each pot. Each pot received a solution (0.10 L) containing 3 g NH4NO3/L and 8 g KNO3/L. NOEC is the highest concentration with ≤ 10% inhibition. Some tests resulted in unbounded NOEC values and were therefore rejected.

Exposure parameters: (a) yield shoot (dm), (b) yield root (dm)

Equilibration time: 14 days

Exposure period: 49 days

Reliability: high quality NOEC values is 100 mg/kg (yield)

No bioavailability correction possible as CEC is not given or can not be derived.

[7] De Haan et al. (1985). Avena sativa (oat). Statistics: method not indicated. Soil type: EU soils: (a) clay soil : pH(KCl) 5.6, %OM 1.6, %clay 12, Cb = 6 mg/kg ; (b) clay soil : pH(KCl) 5.4, %OM 2.4, %clay 40, Cb = 7 mg/kg ; (c) clay soil : pH(KCl) 5.2, %OM 3.2, %clay 58, Cb = 58 mg/kg ; (d) sandy soil: pH(KCl) 5.0, %OM 3.4, %clay 4, Cb = 4 mg/kg; (e) sandy soil: pH(KCl) 5.4, %OM 6.8, %clay 5, Cb = 19 mg/kg; (f) sandy soil: pH(KCl) 4.6, %OM 19.4, %clay 4, Cb = 21 mg/kg. Test compound (Cu(Ac)2). Test concentrations: 0, 25, 50, 100, 200, 400 mg/kg. Soils placed in pots, 36 seeds planted per pot and thinned to 24 per pot. 

Exposure parameters: yield grain (dm)

Exposure period: 150 days

Reliability: high quality NOEC value is 200 mg/kg (yield)

[8] Roth et al. (1971). Avena sativa (oat) and Glycine max (soybean). Statistics: method not indicated, p < 0.01. Test soil: non EU soil: peaty muck: pH 7.0, %OM 56, Cb = 86 mg/kg. Test compound (CuSO4) added and mixed with the soil. Test concentrations (measured): 86(control)-118-241-389-475-571-2032-4791 mg/kg. Test conditions: greenhouse experiment, 4.7 kg moist soil was put in pots, 25 (oat) or 5 (soybean) plants (after thinning) were grown in each pot. NOEC is the highest concentration showing no significant difference compared to the control. 

Exposure parameters: yield shoot (dm)

Equilibration time: 21 days

Exposure period: 31 (oat) and 46 (soybean) days

Reliability: high quality NOEC value is 1,946 mg/kg (yield)

No bioavailability correction possible as CEC is not given or can not be derived.

[9] Jarvis (1978). Lolium perenne. Statistics not specified, p < 0.001 (shoots), p < 0.05 (roots). Soil type: loamy soil: pH 7.5, %OM 3.1, %clay 12.8. Test compound (Cu(NO3)2) added as aqueous solution and mixed with the soil. Test concentrations: 0-9.5-95.3-953 mg/kg. Pots were filled with 1 kg air dry soil, pots were housed in a greenhouse for 102 days. After 42, 62, 82 and 102 days the grass was cut. NOEC is the highest concentration with no significant difference compared to the control. 

Exposure parameter: yield shoot(dm), yield root

Equilibration time: 

Exposure time: 102 days

Reliability: high quality NOEC value is 95 mg/kg (yield)

[10] Ali et al (2004). Test species: Hordeum vulgare. Test compound CuSO4. Statistics ToxCalc and SPSS. Soil types: forest soil and artificial soil (silica). Forest soil: pH 7.6, 8% clay, 3.8% OM, background Cu 17.2 mg/kg. Artificial soil: pH 7.8, 100% sand, 0.3% OM, background Cu 0 mg/kg. Soils were applied on Petri dishes (150mmx15mm), 100g soil/Petri dish, 40 seeds/Petri dish, 3 replicas. Added test concentrations: 0-1-31-112-305 mg Cu/kg.

Exposure parameter: yield (shoot weight, root weight) and seedling emergence

Equilibration time: 0 days

Exposure time: 14 days

Reliability: 

Forest soil: reliable NOEC values were 322 mg Cu/kg for shoot dry weight, 20.2 mg Cu/kg for root dry weight and 129 mg Cu/kg for seedling emergence.

Artificial soil: NOEC values were 11.2 mg Cu/kg for shoot dry weight, 1 mg Cu/kg for root dry weight and 11 mg Cu/kg for seedling emergence. Rejected data because soil characteristics (100% sand and 0.3%OM) were not representative for European soils.

[11] Rothamsted research (2004) (this research is part of the ICA/ECI research project on the ‘development of a predictive model of bioavailability and toxicity of copper in soils’)

Hordeum vulgare (winter barley): pre-germinated barley is grown in 3 replicate pots (35 mm diameter with a soil depth of 100 mm) of each soil treatment for 4 days, after which the length of the longest root is measured The toxicity test follows the ISO 11269-1 method for measuring the inhibition of root growth. The number of barley seeds is 3 per pot. The soil moisture content is maintained at pF1.9. Statistics specified, p < 0.05 (roots).  

Lycopersicon esculentum (tomato): tomato plants are grown from seed in 3 replicate pots of each soil treatment for 21 days following emergence, after which the shoot dry matter yield is determined The toxicity test follows the ISO 11269-2 method for measuring the inhibition on emergence and growth of higher plants. The soil moisture content is maintained at pF1.9. Statistics specified, p < 0.05 (roots).  

The characteristics of the soils used in this research programme are presented hereunder:

[image: image2.emf]Soil Sand Silt Clay Texture pH OC  Cb CEC

% % % g C kg-1 mg kg-1 cmol kg-1

Gudow 83 10 7 Loamy sand 3 51.2

2 5.8

Nottingham 64 23 13 Sandy loam

3.4

52

17 6.7

Houthalen 86 9 5 Loamy sand

3.4

18.6

2 1.9

Rhydtalog 51 36 13 Loamy sand

4.2

129.4

14 15.2

Zegveld 48 28 24 Sandy clay loam 4.7 233.2 70 35.3

Kövlinge 83 10 7 Loamy sand

4.8

16.3

6 2.4

Souli 48 14 38 Sandy clay loam

4.8

4.1

31 11.2

Kövlinge 77 14 9 Sandy loam

5.1

23.5

8 4.7

Montpellier 87 4 9 Loamy sand

5.2

7.6

5 2.5

Aluminusa 27 22 51 Clay

5.4

8.7

21 22.6

Woburn 60 19 21 Sandy clay loam

6.4

44

22 23.4

Leuven 14 71 15 Silt loam

6.8

9.8

22 8.9

Vault de Lugny 13 49 38 Silty clay loam

7.3

14.7

21 26.2

Rots 19 54 27 Silty clay loam

7.4

12.6

14 20

Souli 19 35 46 Clay

7.4

26.1

34 36.3

Marknesse 11 63 26 Silt loam

7.5

12.7

18 20.1

Barcelona 46 33 21 Loam

7.5

14.8

88 14.3

Brécy 15 35 50 Clay

7.5

15.1

31 23.5

Guadelajara 44 31 25 Loam

7.5

3.8

7 16.9

Hygum 66 10 23 Sandy clay loam

5.4

21.3

21 6.7

Wageningen A

90 2 9

Loamy sand

4.3 14.0 19 1.2

Wageningen D

90 2 9

Loamy sand

5 14.5 19 1.9

Woburn MS

80 12 8

Sandy 6.5 1.1 13 8.4

Woburn C

80 12 8

Sandy

6.5

1.6

35 11.6

 


Exposure parameter: root growth (barley), shoot yield (tomato)

Equilibration time: 7

Exposure time: 4 days (barley), 21 days (tomato)

Reliability: high quality NOEC values varied between 16 and 252 mg/kg for barley (root length) and between 19 and 660 mg/kg for tomato (shoot yield).

[12] Rhoads et al (1989).  Lycopersicon esculentum. Statistics not specified. Soil type: loamy fine sand (thermic Typic Paleudult) from the A-horizon, 9% clay and 2.7% OM. Test compound Cu(OH)2 was added and mixed thoroughly. Pot experiment, 2.86 kg soil was put in pots, one seedling/pot - 6 replicas.

Experiment 1: pH(H20): unlimed 4.8-5.5 – limed 5.9-6..5 Added Cu: 0-175-350-700-1400-2800 mg Cu/kg

Lime was added at 0 and 3.5 g/kg; 3.2 g NH4NO3 was added in water solution in eight equal applications at 3 to 5 day intervals. Exposure parameter: yield (shoot weight). Equilibration time: 14 days. Exposure time: 6 weeks

Experiment 2: pH(H20): unlimed 6.5-6.6 – limed 7.1-7.4. Added Cu: 0-44-88-175-350-700mg Cu/kg. Lime was added at 0 and 7 g/kg; 1.2 g NH4NO3 0.67 g KH2PO4 and 0.33 g K2SO4 was added as a water solution to each pot in three equal applications at 1-week intervals.

Reliability: 

Exp 1: high quality added NOEC values was 175 mg Cu/kg in limed soils. The unbounded NOEC of < 175 mgCu/kg in unlimed soils was rejected.

Exp 2: high quality added NOEC values were 350 mg Cu/kg (limed and unlimed)

[13] Fageria (2001) Oryza sativa (rice); Phaseolus vulgaris (bean); Zea mays (corn); Glycine max (soybean); Triticum aestivum (wheat). Quadratic regression models are used to estimate EC10 values on shoot growth.. Soil type: oxysol with pH of 6.0 (original pH was 5.3 but lime was added before treatment), %OM 1.5, Cu background was 1 mg/kg. Test compound (CuSO4) added at the test concentrations: 0-2-4-8-16-32-64 mg/kg. Pots were filled with 5 kg of soil, fertilised with N/P/K and lime was added to increase pH for achieving optimal growth of plants. 3 replicates per pot (4 plants per pot) was used. Soil moisture was held at field capacity. Pots were incubated for 3 to 4 weeks.

Exposure parameter: shoot growth

Equilibration time: 

Exposure time: 3(bean and corn) to 4 (rice, soybean and wheat) weeks

Reliability: Oxysols are typically (sub-)tropical soils and are therefore not representative for EU soils. NOEC data are therefore rejected.

[14] Gonzales (1991) Medicago sativa (alfaalfa). Non-linear regression models are used to estimate EC10 values on total plant yield. Different Chilean soils were used in this experiment: 1. sandy loam soil with pH of 7.5, %OM 1.1, Cu background was 57 mg/kg; 2. Silty loam soil with pH of 7.1, %OM 0.3, Cu background was 39 mg/kg; 3. clayey soil with pH of 7.8, %OM 1.8, Cu background was 37 mg/kg; 4. Silty loam with pH of 6.1, %OM 14.5, Cu background was 40 mg/kg; 5. loamy soil with pH of 5.3, %OM 13.0, Cu background was 4 mg/kg. Test compound (CuSO4) was added to soils dissolved in water at rates of 0, 250, 500, 800, 1200 and 1600 mg/kg. Twenty five seeds were placed per pot. The pots were irrigated with distilled water. The harvest was carried out at full bottom stage. All experiments were carried out under uncontrolled greenhouse conditions in a completely randomized experiment in triplicate. EC10 concentrations were estimated for the soils mentioned here-above. Other soils were also tested but generated EC10 values below the lowest tested concentration of 250 mg/kg (NOEC values are unbounded <250 mg/kg).

Exposure parameter: yield total plant

Equilibration time: 

Exposure time:

Reliability: high quality NOEC values between 816 and 1,500 mg/kg (yield).

No bioavailability correction possible as CEC is not given or can not be derived.

[15] McBride (2001). Zea mays (maize). Statistics: method applied not mentioned. Soil type: non EU soil (USA): peat soil (cultivated for 20 years): pH 5.18, %OM 75, Cb = 76 mg/kg. Test compound (CuSO4) added as aqueous solution and thoroughly mixed with the soil. Test concentrations: 0-200-400-800-1000-1500-2000-3000-4000 mg/kg. Test conditions: pot experiment, 250 g soil was put in pots, 3 maize seeds planted in each pot and grown at 22°C. All toxicity tests resulted in unbounded NOEC values.

Exposure parameter: yiels shoot (dm)

Equilibration time: 20 days

Exposure time: 21 days

Reliability: Data are rejected because NOEC value was unbounded.

[16] Brun et al (2003). Senecio vulgaris, Poa annua, Andryala integrifolia, Hypochoeris radicata. Statistics not specified. Soil type: vineyard topsoil (0-15 cm) – regolithc acidic, developed on Ordovician and Visean sandstone-slate complex – pH(KCl) 4.1, %OM 1.9, 17.5% clay, Cb = 158 mg/kg, CEC 9.1 cmol/kg. Test compound (CuSO4) added as aqueous solution and thoroughly mixed with the soil. Added test concentrations: 0-50-100-200-400 mg/kg. Test conditions: pot experiment, 1200 g soil was put in pots, one seedling per pot - 8 replicas for each species and test concentration and grown at 15-28°C. Seeds were collected from the same plot as where the soil sample was collected or from a nearby plot with similar properties. NOEC values were not reported. From the reported dose response curve it was possible to estimate the L(E)C10 values for the different plants and endpoints (assuming logistic fitting of the data).

Exposure parameter: survival, growth (plant biomass), reproduction

Equilibration time: 4 weeks

Exposure time: from planting the seedlings until the end of the fruiting period (up to 30 weeks for the perennial species)

Reliability: high quality LC10 values varied between 234 and 537 mg/kg for survival, between 186 and 350 mg/kg for reproduction.

[17] Mozaffari et al (1996).  Cleopatra mandarin, Swingle citrumelo. Statistics not specified. Soil type: fine sand (Typic Quartzipsamments) from topsoil (0-15 cm) of an orange grove. pH(H20) 6.5. Soil pH was adjusted to pH 5, 6 and 7 using H2SO4 or CaCO3. Test compound (CuSO4.5H20) added at the test concentrations: 0-25-50-100-200 mg Cu/kg. Test conditions: pot experiment, 2 kg soil was put in pots, one 6-months old seedling of the plant rootstock was planted in each pot - 5 replicas for each species and test concentration and grown at 25°C – greenhouse experiment.

Exposure parameter: yield (shoot weight and root weight)

Equilibration time: 90 days

Exposure time: 106 days

Reliability: added NOEC values varied from 100 to more than 200 mg Cu/kg for Cleopatra mandarin shoot dry weight and root dry weight and for Swingle citrumelo root dry weight from 50 to 100 mg Cu/kg and was higher than 200 mgCu/kg for shoot dry weight.

No bioavailability correction possible as CEC is not given or can not be derived.
3.2.5.2.2 Invertebrates - Long term toxicity

Data on chronic single-species toxicity tests resulting in NOEC values for soil invertebrates are summarised in Table 3‑2. Values selected for the effects assessment are underlined. In the total risk approach 108 individual NOECs (for 10 different species) are selected ranging from 8.4 mg/kg for Eisenia andrei cocoon production (Kula and Larink, 1997) to 1,460 mg/kg for Folsomia candida reproduction (University of Ghent, 2004). Remarkably low NOEC values are found in some tests that used Eisenia species (E. fetida and E. andrei). The lowest value is found for E. andrei reproduction (8.4 mg total Cu/kg) in a natural soil (a German standard soil often used in toxicity tests, LUFA 2.2). This value is below the limit for essentiality.
	Table 3‑2    Overview of the NOEC values for soil invertebrates.
	Values selected for the effects assessment are underlined. 

	
	
	
	
	
	
	
	
	
	
	
	Added NOEC
	Total NOEC

	Test substance
	Organism
	Medium
	pH
	OM
	clay
	Cb
	CEC
	Equil. Period
	Durat.
	Endpoint
	NOEC or EC10
	Unbounded NOEC
	NOEC or EC10
	Unbounded NOEC

	
	
	
	
	%
	%
	mg/kgdw
	cmol/kg
	d
	d
	
	mg/kgdw
	mg/kgdw
	mg/kgdw
	mg/kgdw

	CuCl2
	Allobophora chlorotica
	Sandy soil
	4.8-5.2
	4-6
	2-4
	12
	5-9
	0
	28
	NOECr(cp)
	28
	
	40
	

	
	
	
	
	
	
	
	
	
	
	Ma, 1988 [1]

	CuSO4
	Allobophora caliginosa
	Non-EU sandy soil
	
	
	
	10.7
	
	0
	14
	NOECm
	500
	
	510.7
	

	CuSO4
	Allobophora caliginosa
	Non-EU sandy soil
	
	
	
	10.7
	
	0
	14
	NOECr(cp)
	50
	
	60.7
	

	
	
	
	
	
	
	
	
	
	
	Martin, 1986 [2]

	CuCl2
	Aporrectodea caliginosa
	Sandy soil
	4.8-5.2
	4-6
	2-4
	10.7
	
	0
	28
	NOECr(cp)
	27
	
	37.7
	

	
	
	
	
	
	
	
	
	
	
	Ma, 1988 [1]

	CuSO4
	Aporrectodea caliginosa
	Non-EU soil
	7.05
	21.6
	
	10.7
	
	0
	42
	NOECg
	25
	
	35.7
	

	CuSO4
	Aporrectodea caliginosa
	Non-EU soil
	7.05
	21.6
	
	10.7
	
	0
	56
	NOECr(cp)
	70
	
	80.7
	

	
	
	
	
	
	
	
	
	
	
	Khalil et al., 1996a and b [3], [4]

	CuCl2
	Cognettia sphagnetorum
	LUFA 2.2 + peat + fungus
	4.1
	66
	5.1
	10.7
	60.6
	0
	63
	NOECg
	20
	
	30.7
	

	CuCl2
	Cognettia sphagnetorum
	LUFA 2.2 + peat + fungus
	4.1
	66
	5.1
	10.7
	60.6
	0
	35
	NOECg
	63
	
	73.7
	

	CuCl2
	Cognettia sphagnetorum
	LUFA 2.2 + peat + algae
	4.1
	66
	5.1
	10.7
	60.6
	0
	63
	NOECg
	441
	
	451.7
	

	CuCl2
	Cognettia sphagnetorum
	LUFA 2.2 + peat + algae
	4.1
	66
	5.1
	10.7
	60.6
	0
	42
	NOECg
	312
	
	322.7
	

	CuCl2
	Cognettia sphagnetorum
	LUFA 2.2 + peat + fungus
	4.1
	66
	5.1
	10.7
	60.6
	0
	70
	NOECf
	23
	
	33.7
	

	CuCl2
	Cognettia sphagnetorum
	LUFA 2.2 + peat + algae
	4.1
	66
	5.1
	10.7
	60.6
	0
	70
	NOECf
	455
	
	465.7
	

	
	
	
	
	
	
	
	
	
	
	Augustsson and Rundgren, 1998 [5]

	Cu(NO3)2
	Dendrobaena rubida
	Sand+cattle dung
	4.5
	7.7-11.7
	
	3.6
	
	28
	90
	NOECh
	100
	
	103.6
	

	Cu(NO3)2
	Dendrobaena rubida
	Sand+cattle dung
	5.5
	7.7-11.7
	
	<0.5
	
	28
	90
	NOECh
	100
	
	100
	

	Cu(NO3)2
	Dendrobaena rubida
	Sand+cattle dung
	5.5
	7.7-11.7
	
	<0.5
	
	28
	90
	NOECr(cp)
	100
	
	100
	

	Cu(NO3)2
	Dendrobaena rubida
	Sand+cattle dung
	6.5
	7.7-11.7
	
	1.3
	
	28
	90
	NOECh
	100
	
	101.3
	

	Cu(NO3)2
	Dendrobaena rubida
	Sand+cattle dung
	6.5
	7.7-11.7
	
	1.3
	
	28
	90
	NOECr(cp)
	100
	
	101.3
	

	
	
	
	
	
	
	
	
	
	
	Bengtsson et al., 1986 [6]

	Cu-salt
	Eisenia andrei
	OECD soil
	6.2
	10
	20
	3.2
	15.1
	0
	84
	NOECg
	56
	
	59.2
	

	
	
	
	
	
	
	
	
	
	
	Van Dis et al., 1988 [7]

	CuCl2
	Eisenia andrei
	OECD soil
	6.3-7.1
	10
	20
	3.2
	16.6
	0
	28
	NOECr(cp)
	120
	
	123.2
	

	
	
	
	
	
	
	
	
	
	
	Van Gestel et al., 1989 [8]

	CuCl2
	Eisenia andrei
	OECD soil
	6.2
	10
	20
	6.1
	15.1
	0
	84
	NOECg
	56
	
	62
	

	
	
	
	
	
	
	
	
	
	
	Van Gestel et al., 1991 [9]

	CuCl2
	Eisenia andrei
	Forest soil
	5.6
	<1
	4
	3.7
	2.9
	3
	28
	NOECm
	188*
	
	192
	

	CuCl2
	Eisenia andrei
	Forest soil
	5.6
	<1
	4
	3.7
	2.9
	3
	28
	NOECr
	188*
	
	192
	

	
	
	
	
	
	
	
	
	
	
	Svendsen & Weeks, 1997a [10]

	Cu-salt
	Eisenia andrei
	OECD soil
	6.0
	10
	20
	3.2
	14.5
	0
	28
	NOECr(cp)
	100
	
	103.2
	

	Cu-salt
	Eisenia andrei
	OECD soil
	6.0
	10
	20
	3.2
	14.5
	0
	28
	NOECr(jp)
	100
	
	103.2
	

	Cu-salt
	Eisenia andrei
	OECD soil
	6.0
	10
	20
	3.2
	14.5
	0
	28
	NOECg
	
	≥ 320
	
	≥ 323.2

	Cu-salt
	Eisenia andrei
	LUFA 2.2
	5.8
	3.9
	5.1
	5.2
	8.3
	0
	28
	NOECr(cp)
	3.2
	
	8.4
	

	Cu-salt
	Eisenia andrei
	LUFA 2.2
	5.8
	3.9
	5.1
	5.2
	8.3
	0
	28
	NOECg
	
	≥ 320
	
	≥ 325.2a

	
	
	
	
	
	
	
	
	
	
	Kula and Larink, 1997 [11]

	Cu(NO3)2
	Eisenia fetida
	OECD soil
	6.3
	10
	20
	2.4
	15.4
	0
	56
	NOECm
	200
	
	202.4
	

	Cu(NO3)2
	Eisenia fetida
	OECD soil
	6.3
	10
	20
	2.4
	15.4
	0
	56
	NOECr(cp)
	10
	
	12.4
	

	
	
	
	
	
	
	
	
	
	
	Spurgeon et al., 1994 [12]

	Cu(NO3)2
	Eisenia fetida
	OECD soil
	6.1
	10
	20
	3.2
	14.8
	
	21
	NOECr(cp)
	29
	
	32.3
	

	Cu(NO3)2
	Eisenia fetida
	OECD soil
	6.1
	10
	20
	3.2
	14.8
	
	21
	NOECg
	725
	
	728.2
	

	Cu(NO3)2
	Eisenia fetida
	OECD soil
	6.1
	10
	20
	3.2
	14.8
	
	14
	NOECm
	293
	
	296.2
	

	
	
	
	
	
	
	
	
	
	
	Spurgeon and Hopkin, 1995 [13]

	CuCl2
	Eisenia fetida
	OECD soil
	6.0
	10
	20
	3.2
	14.5
	0
	28
	NOECr(cp)
	10
	
	13.2
	

	CuCl2
	Eisenia fetida
	OECD soil
	6.0
	10
	20
	3.2
	14.5
	0
	28
	NOECr(jp)
	32
	
	35.2
	

	CuCl2
	Eisenia fetida
	OECD soil
	6.0
	10
	20
	3.2
	14.5
	0
	28
	NOECg
	
	≥ 320
	
	≥ 323.2

	CuCl2
	Eisenia fetida
	LUFA 2.2
	5.8
	3.9
	5.1
	5.2
	8.3
	0
	28
	NOECr(cp)
	10
	
	15.2
	

	CuCl2
	Eisenia fetida
	LUFA 2.2
	5.8
	3.9
	5.1
	5.2
	8.3
	0
	28
	NOECr(jp)
	32
	
	37.2
	

	CuCl2
	Eisenia fetida
	LUFA 2.2
	5.8
	3.9
	5.1
	5.2
	8.3
	0
	28
	NOECg
	
	≥ 320
	
	≥ 325.2

	
	
	
	
	
	
	
	
	
	
	Kula and Larink, 1997 [11 and 14]

	CuCl2
	Eisenia fetida
	OECD soil
	6.0
	10
	20
	3.2
	14.5
	0
	28
	NOECm
	
	≥ 320
	
	≥ 323.2

	CuCl2
	Eisenia fetida
	LUFA 2.2
	5.8
	3.9
	5.1
	5.2
	8.3
	0
	28
	NOECm
	
	≥ 320
	
	≥ 325.2

	
	
	
	
	
	
	
	
	
	
	Kula and Larink, 1998 [14]

	CuCl2
	Eisenia fetida
	Sandy clay
	6.5-7.0
	3.9-5.5
	13-16
	15
	16.6
	1
	21
	NOECm
	
	≥ 1,400
	
	≥ 1,415

	CuCl2
	Eisenia fetida
	Sandy clay
	6.5-7.0
	3.9-5.5
	13-16
	15
	16.6
	1
	21
	NOECg
	700
	
	715
	

	CuCl2
	Eisenia fetida
	Sandy clay
	6.5-7.0
	3.9-5.5
	13-16
	15
	16.6
	1
	21
	NOECr
	100
	
	115
	

	
	
	
	
	
	
	
	
	
	
	Scott-Fordsmand et al., 2000b [15]

	CuCl2
	Enchytraeus albidus
	OECD soil
	6
	10
	20
	3.2
	14.5
	0
	42

42
	NOECr – P-

NOECr-F1
	
	<175.7

<175.7
	
	<178.9

<178.9

	
	
	
	
	
	
	
	
	
	
	Lock and Janssen (2002) [16]

	CuSO4
	Eisenia fetida
	natural soil
	/
	/
	/
	10.7
	/
	0
	14
	NOECm
	650
	
	660.7
	

	
	
	
	
	
	
	
	
	
	
	Liang and Zhou, 2003 [17]

	Cu(NO3)2
	Folsomia candida
	OECD soil
	6
	10
	20
	3.2
	14.5
	2
	28
	NOECm
	
	≥ 3000
	
	≥ 3003.2

	Cu(NO3)2
	Folsomia candida
	OECD soil
	6
	10
	20
	3.2
	14.5
	2
	28
	NOECr
	200
	
	203.2
	

	Cu(NO3)2
	Folsomia candida
	OECD soil
	5
	10
	20
	3.2
	11.5
	2
	28
	NOECm
	40
	
	43.2
	

	Cu(NO3)2
	Folsomia candida
	OECD soil
	5
	10
	20
	3.2
	11.5
	2
	28
	NOECr
	200
	
	203.2
	

	Cu(NO3)2
	Folsomia candida
	OECD soil
	4.5
	10
	20
	3.2
	10
	2
	28
	NOECm
	
	≥ 3000
	
	≥ 3003.2

	Cu(NO3)2
	Folsomia candida
	OECD soil
	4.5
	10
	20
	3.2
	10
	2
	28
	NOECr
	1,000
	
	1,003.2
	

	
	
	
	
	
	
	
	
	
	
	Sandifer & Hopkin, 1996 [18]

	Cu(NO3)2
	Folsomia candida
	OECD soil
	6
	10
	20
	3.2
	14.5
	2
	28
	NOECr
	200
	
	203.2
	

	Cu(NO3)2
	Folsomia candida
	OECD soil
	6
	10
	20
	3.2
	14.5
	2
	42
	NOECr
	200
	
	203.2
	

	Cu(NO3)2
	Folsomia candida
	OECD soil
	6
	10
	20
	3.2
	14.5
	2
	28
	NOECm
	
	≥ 3,000
	
	≥ 3,003

	Cu(NO3)2
	Folsomia candida
	OECD soil
	6
	10
	20
	3.2
	14.5
	2
	28
	NOECm
	1,000
	
	1,003.2
	


	Cu(NO3)2
	Folsomia candida
	OECD soil
	6
	10
	20
	3.2
	14.5
	2
	42
	NOECm
	1,000
	
	1,003.2
	

	
	
	
	
	
	
	
	
	
	
	Sandifer & Hopkin, 1997 [19]

	CuCl2
	Folsomia candida
	LUFA 2.2
	5.8
	3.9
	5.1
	5.2
	8.3
	0
	21
	NOECg
	200
	
	205.2
	

	CuCl2
	Folsomia candida
	LUFA 2.2
	5.8
	3.9
	5.1
	5.2
	8.3
	0
	21
	NOECr
	400
	
	405.2
	

	CuCl2
	Folsomia candida
	OECD
	6
	10
	20
	3.2
	14.5
	0
	56
	NOECg
	800
	
	803.2
	

	CuCl2
	Folsomia candida
	OECD
	6
	10
	20
	3.2
	14.5
	0
	56
	NOECr
	400
	
	403.2
	

	
	
	
	
	
	
	
	
	
	
	Rundgren and Van Gestel, 1988 [20]

	CuCl2
	Folsomia fimetaria
	LUFA 2.2
	5.5
	3.91
	5
	5.2
	7.8
	1
	21
	NOECm
	800
	
	805.2
	

	CuCl2
	Folsomia fimetaria
	LUFA 2.2
	5.5
	3.91
	5
	5.2
	7.8
	1
	21
	NOECm
	
	≥1,000
	
	≥1,005

	CuCl2
	Folsomia fimetaria
	LUFA 2.2
	5.5
	3.91
	5
	5.2
	7.8
	1
	21
	NOECg
	542
	
	547.2
	

	CuCl2
	Folsomia fimetaria
	LUFA 2.2
	5.5
	3.91
	5
	5.2
	7.8
	1
	21
	NOECg
	845
	
	850.2
	

	CuCl2
	Folsomia fimetaria
	LUFA 2.2
	5.5
	3.91
	5
	5.2
	7.8
	1
	21
	NOECg
	400
	
	405.2
	

	
	
	
	
	
	
	
	
	
	
	Scott-Fordsmand et al., 1997 [21]

	CuCl2
	Folsomia fimetaria
	Sandy clay
	6.5-7.0
	3.9-5.5
	13-16
	15
	16.6
	1
	21
	NOECm
	1,000
	
	1,015
	

	CuCl2
	Folsomia fimetaria
	Sandy clay
	6.5-7.0
	3.9-5.5
	13-16
	15
	16.6
	1
	21
	NOECm
	600
	
	615
	

	CuCl2
	Folsomia fimetaria
	Sandy clay
	6.5-7.0
	3.9-5.5
	13-16
	15
	16.6
	1
	21
	NOECm
	1,000
	
	1,015
	

	CuCl2
	Folsomia fimetaria
	Sandy clay
	6.5-7.0
	3.9-5.5
	13-16
	15
	16.6
	1
	21
	NOECg
	1,000
	
	1,015
	

	CuCl2
	Folsomia fimetaria
	Sandy clay
	6.5-7.0
	3.9-5.5
	13-16
	15
	16.6
	1
	21
	NOECg
	1,000
	
	1,015
	

	CuCl2
	Folsomia fimetaria
	Sandy clay
	6.5-7.0
	3.9-5.5
	13-16
	15
	16.6
	1
	21
	NOECg
	1,000
	
	1,015
	

	CuCl2
	Folsomia fimetaria
	Sandy clay
	6.5-7.0
	3.9-5.5
	13-16
	15
	16.6
	1
	21
	NOECr
	400
	
	415
	

	
	
	
	
	
	
	
	
	
	
	Scott-Fordsmand et al., 2000a [22]

	CuSO4
	Folsomia fimetaria
	Sandy clay

Hygum
	6.7
	4.5
	13.8
	19
	15.6
	0
	21
	EC10r
	122
	
	141
	

	CuSO4
	Folsomia candida
	Sandy clay

Hygum
	6.7
	4.5
	13.8
	19
	15.6
	0
	21
	EC10r
	<31
	
	
	<50

	
	
	
	
	
	
	
	
	
	
	Pedersen et al., 2000 [24]

	CuSO4
	Folsomia fimetaria
	Sandy clay

Hygum
	6.7

6.7

6.7

6.7

6.7
	4.5

4.5

4.5

4.5

4.5
	13.8

13.8

13.8

13.8

13.8
	19

19

19

19

19
	15.6

15.6

15.6

15.6

15.6
	1

7

35

84
	21

21

21

21

21
	EC10r
	698

776

888

648

688
	
	717

795

907

667

707
	

	
	
	
	
	
	
	
	
	
	
	Pedersen et al., 2001 [23]

	CuCl2
	Folsomia candida
	artificial OECD soil
	6.0
	10
	20
	3.2
	14.5
	7
	28
	NOECri
	796.8
	
	800
	

	
	
	
	
	
	
	
	
	
	
	Herbert et al, 2004. [25]

	CuCl2
	Hypoaspis aculeifer
	LUFA 2.2
	5.8
	3.9
	5.1
	5.2
	8.3
	0
	21
	NOECr
	174
	
	179.2
	

	CuCl2
	Hypoaspis aculeifer
	LUFA 2.2
	5.8
	3.9
	5.1
	5.2
	8.3
	0
	21
	NOECm
	
	≥ 1,000
	
	≥ 1,005

	
	
	
	
	
	
	
	
	
	
	Krogh and Axelsen, 1998 [26]

	CuCl2
	Isotoma viridis
	LUFA 2.2
	5.8
	3.9
	5.1
	5.2
	8.3
	0
	56
	NOECg
	50
	
	55.2
	

	CuCl2
	Isotoma viridis
	OECD
	6
	10
	20
	3.2
	14.59
	0
	56
	NOECg
	400
	
	403.2
	

	
	
	
	
	
	
	
	
	
	
	Rundgren and Van Gestel, 1988 [20]

	CuCl2
	Lumbricus rubellus
	Sandy loam
	7.3
	8
	17
	12
	25.3
	0
	84
	NOECm
	150
	
	162
	

	
	
	
	
	
	
	
	
	
	
	Ma, 1982 [27]

	CuCl2
	Lumbricus rubellus
	Loamy sand
	4.8
	5.7
	2
	14
	7.2
	0
	42
	NOECr
	40*
	
	54
	

	CuCl2
	Lumbricus rubellus
	Loamy sand
	4.8
	5.7
	2
	14
	7.2
	0
	42
	NOEClb
	40*
	
	54
	

	CuCl2
	Lumbricus rubellus
	Loamy sand
	4.8
	5.7
	2
	14
	7.2
	0
	42
	NOECg
	117*
	
	131
	

	CuCl2
	Lumbricus rubellus
	Loamy sand
	4.8
	5.7
	2
	14
	7.2
	0
	42
	NOECm
	117*
	
	131
	

	CuCl2
	Lumbricus rubellus
	Calcareous sandy loam
	7.3
	3.4
	17
	13
	16.9
	0
	42
	NOEClb
	50*
	
	63
	

	CuCl2
	Lumbricus rubellus
	Calcareous sandy loam
	7.3
	3.4
	17
	13
	16.9
	0
	42
	NOECg
	
	≥ 360
	
	≥ 373

	CuCl2
	Lumbricus rubellus
	Calcareous sandy loam
	7.3
	3.4
	17
	13
	16.9
	0
	42
	NOECm
	123*
	
	136
	

	
	
	
	
	
	
	
	
	
	
	Ma, 1984 [28]

	CuCl2
	Lumbricus rubellus
	Sandy soil
	4.8-5.2
	4-6
	2-4
	10.7
	
	0
	28
	NOECr(cp)
	80
	
	90.7
	

	
	
	
	
	
	
	
	
	
	
	Ma, 1988 [1]

	CuCl2
	Lumbricus rubellus
	Forest soil
	5.6
	<1
	4
	3
	2.9
	5
	110
	NOECg
	73*
	
	76
	

	CuCl2
	Lumbricus rubellus
	Forest soil
	5.6
	<1
	4
	3
	2.9
	5
	110
	NOECm
	150*
	
	153
	

	
	
	
	
	
	
	
	
	
	
	Svendsen & Weeks, 1997b [29]

	CuCl2
	Lumbricus rubellus
	Clay loam
	7.2-7.8
	9.6-9.95
	41
	14.4
	44.2
	14
	294
	NOECg
	139.6
	
	154
	

	
	
	
	
	
	
	
	
	
	
	Spurgeon et al (2004) [30]

	CuSO4
	Octalasium cyaneum
	brown soil
	4.78
	5.4
	
	53
	
	0
	30
	NOECm
	100
	
	153
	

	CuSO4
	Octalasium cyaneum
	peaty soil
	4.5
	72
	
	14
	
	0
	14
	NOECm
	1,200
	
	1,214
	

	
	
	
	
	
	
	
	
	Jäggy & Streit, 1982 [31]

	CuCl2
	Plectus acuminatus
	OECD
	5.5
	10
	20
	3.2
	13.0
	5h
	21
	NOECr(jp)
	32
	
	35.2
	

	
	
	
	
	
	
	
	
	
	
	Kammenga et al., 1996 [32]

	CuCl2
	Platynothrus peltifer
	LUFA 2.2
	5.8
	3.9
	5.1
	5.2
	8.3
	0
	70
	NOECr(jp)
	63
	
	68.2
	

	CuCl2
	Platynothrus peltifer
	LUFA 2.2
	5.8
	3.9
	5.1
	5.2
	8.3
	0
	70
	NOECr(jp)
	63
	
	68.2
	

	CuCl2
	Platynothrus peltifer
	LUFA 2.2
	5.8
	3.9
	5.1
	5.2
	8.3
	0
	70
	NOECr(jp)
	63
	
	68.2
	

	
	
	
	
	
	
	
	
	
	
	Van Gestel and Doornekamp, 1998 [33]

	CuCl2
	Folsomia candida
	loamy sand

Gudow
	3
	8.2
	7
	2
	5.8
	7
	28
	NOECr
	
	< 29.7
	
	<31.7

	CuCl2
	Folsomia candida
	Sandy loam

Nottingham
	3.4
	8.3
	13
	17
	6.7
	7
	28
	NOECr
	174
	
	191
	

	CuCl2
	Folsomia candida
	loamy sand

Houthalen
	3.4
	3.0
	5
	2
	1.9
	7
	28
	NOECr
	28.2
	
	31
	

	CuCl2
	Folsomia candida
	loamy sand

Rhydtalog
	4.2
	20.7
	13
	14
	15.2
	7
	28
	NOECr
	279
	
	293
	

	CuCl2
	Folsomia candida
	Sandy clay loam

Zegveld
	4.7
	37.3
	24
	70
	35.3
	7
	28
	EDr
	1390
	
	1460
	

	CuCl2
	Folsomia candida
	Loamy sand

Kovlinge
	4.8
	2.6
	7
	6
	2.4
	7
	28
	NOECr
	55.5
	
	61.5
	

	CuCl2
	Folsomia candida
	Sandy clay

Souli
	4.8
	0.7
	38
	31
	11.2
	7
	28
	NOECr
	53.1
	
	84.1
	

	CuCl2
	Folsomia candida
	loamy sand

Montpellier
	5.2
	1.2
	9
	5
	2.5
	7
	28
	NOECr
	172
	
	177
	

	CuCl2
	Folsomia candida
	Clay

Aluminusa
	5.4
	1.4
	51
	21
	22.6
	7
	28
	NOECr
	276
	
	297
	

	CuCl2
	Folsomia candida
	Sandy clay loam

Woburn
	6.4
	7
	21
	22
	23.4
	7
	28
	NOECr
	244
	
	266
	

	CuCl2
	Folsomia candida
	Silt loam

Ter Munck
	6.8
	1.6
	15
	22
	8.9
	7
	28
	NOECr
	237
	
	259
	

	CuCl2
	Folsomia candida
	Silty clay loam

Vault de lugny
	7.3
	2.5
	38
	21
	26.2
	7
	28
	NOECr
	534
	
	555
	

	CuCl2
	Folsomia candida
	Silty clay loam

Rots
	7.4
	2.0
	27
	14
	20.0
	7
	28
	NOECr
	160
	
	174
	

	CuCl2
	Folsomia candida
	Clay

Souli
	7.4
	4.2
	46
	34
	36.3
	7
	28
	NOECr
	887
	
	921
	

	CuCl2
	Folsomia candida
	Silt loam

Marknesse
	7.5
	2.0
	26
	18
	20.1
	7
	28
	NOECr
	453
	
	471
	

	CuCl2
	Folsomia candida
	Loam

Barcelona
	7.5
	2.4
	21
	88
	14.3
	7
	28
	NOECr
	139
	
	227
	

	CuCl2
	Folsomia candida
	Clay

Brécy
	7.5
	2.4
	50
	31
	23.5
	7
	28
	NOECr
	632
	
	663
	

	CuCl2
	Folsomia candida
	Loam

Guadalajara
	7.5
	0.6
	25
	7
	16.9
	7
	28
	NOECr
	538
	
	545
	

	CuCl2
	Folsomia candida
	Sandy clay

Hygum
	5.4
	3.3
	23
	21
	6.7
	7
	28
	NOECr
	493
	
	511
	

	CuCl2
	Folsomia candida
	Loamy sand Wageningen A
	4.3
	2.2
	9
	19
	1.2
	7
	28
	NOECr
	27.9
	
	45.4
	

	CuCl2
	Folsomia candida
	Loamy sand Wageningen D
	5
	2.3
	9
	19
	1.9
	7
	28
	NOECr
	48.0
	
	65.4
	

	CuCl2
	Folsomia candida
	Sand

Woburn salt
	6.5
	0.2
	8
	13
	8.4
	7
	28
	NOECr
	
	
	
	

	CuCl2
	Folsomia candida
	Sand

Woburn cake
	6.5
	0.3
	8
	35
	11.6
	7
	28
	NOECr
	132
	
	167
	

	CuCl2
	Eisenia fetida
	loamy sand

Gudow
	3
	8.2
	7
	2
	5.8
	7
	28
	NOECr
	177
	
	179
	

	CuCl2
	Eisenia fetida
	Sandy loam

Nottingham
	3.4
	8.3
	13
	17
	6.7
	7
	28
	NOECr
	93.6
	
	110.6
	

	CuCl2
	Eisenia fetida
	Sandy clay loam

Zegveld
	4.7
	37.3
	24
	70
	35.3
	7
	28
	NOECr
	56.4
	
	126
	

	CuCl2
	Eisenia fetida
	Loamy sand

Kovlinge
	4.8
	2.6
	7
	6
	2.4
	7
	28
	NOECr
	48.2
	
	54
	

	CuCl2
	Eisenia fetida
	Sandy clay

Souli
	4.8
	0.7
	38
	31
	11.2
	7
	28
	NOECr
	179
	
	210
	

	CuCl2
	Eisenia fetida
	Sandy loam

Kovlinge
	5.1
	3.8
	9
	8
	4.7
	7
	28
	NOECr
	86.8
	
	95
	

	CuCl2
	Eisenia fetida
	Loamy sand

Montpellier
	5.2
	1.2
	9
	5
	2.5
	7
	28
	NOECr
	54.9
	
	60
	

	CuCl2
	Eisenia fetida
	Clay

Aluminusa
	5.4
	1.4
	51
	21
	22.6
	7
	28
	NOECr
	
	< 91.9
	
	< 113

	CuCl2
	Eisenia fetida
	Sandy clay loam

Woburn
	6.4
	7.0
	21
	22
	23.4
	7
	28
	NOECr
	177
	
	199
	

	CuCl2
	Eisenia fetida
	Silt loam

Ter Munck
	6.8
	1.6
	15
	22
	8.9
	7
	28
	ED10r
	91.8
	
	114
	

	CuCl2
	Eisenia fetida
	Silty clay loam

Vault de lugny
	7.3
	2.3
	38
	21
	26.2
	7
	28
	NOECr
	303
	
	324
	

	CuCl2
	Eisenia fetida
	Silty clay loam

Rots
	7.4
	2.0
	27
	14
	20.0
	7
	28
	NOECr
	289
	
	303
	

	CuCl2
	Eisenia fetida
	Clay

Souli
	7.4
	4.2
	46
	34
	36.3
	7
	28
	NOECr
	287
	
	321
	

	CuCl2
	Eisenia fetida
	Silt loam

Marknesse
	7.5
	2.0
	26
	18
	20.1
	7
	28
	NOECr
	153
	
	171
	

	CuCl2
	Eisenia fetida
	Clay

Brécy
	7.5
	2.4
	50
	31
	23.5
	7
	28
	NOECr
	164
	
	195
	

	CuCl2
	Eisenia fetida
	Sandy clay

Hygum
	5.4
	3.3
	23
	21
	6.7
	7
	28
	NOECr
	91.6
	
	112.6
	

	CuCl2
	Eisenia fetida
	Lufa 2.2
	5.0
	
	
	5.7
	7.88
	7
	28
	NOEC
	81.9
	
	87.6
	

	
	Eisenia fetida
	OECD
	6.45
	
	
	2.3
	16.74
	7
	28
	NOEC
	186
	
	188
	

	CuCl2
	Eisenia andrei
	Lufa 2.2
	5.0
	
	
	5.7
	7.88
	7
	28
	NOEC
	154
	
	159
	

	
	
	
	
	
	
	
	
	
	
	University of Ghent, 2004 [34]


NOEC indices: m: mortality, r: reproduction (based on cocoon production (cp), juvenile production (jp)); h: hatching success, g: growth, ab: abundance, f: fragmentation, lb: litter breakdown, mi: maturity index; ri: Instantaneous rate of population increase. 

Estimated background copper concentrations and CEC** are indicated in italics.

*measured concentration-Cb

** If the CEC was missing from a test with plants/invertebrates/micro-organisms, then it was estimated from % clay, pH and %organic matter using an experimentally derived regression model: CEC=(30+4.4 pH)*clay/100+(-34.66+29.72 pH)*OM/100; the clay is the % clay in the soil (Helling et al., 1964; regression based on CEC measured at various pH values on 60 different soils; CEC refers to the soil pH).
Footnote: toxicity of copper to terrestrial invertebrates

[1] Ma (1988). Allobophora clorotica, Aporrectodea caliginosa, Lumbricus rubellus. Statistics: ECx determined by fitting generalized logistic response curves. Soil type: sandy soil: pH 4.8-5.2, %OM 4-6, %clay 2-4. No indication about how the test compound (CuCl2) was applied to the soil. Cu concentration in unamended soil was 12 mg/kg. No indication of test concentrations. Five worms were added to 6 kg of soil in containers. Containers were kept at 15°C. NOEC = EC10. EC10 value is below the lowest tested concentration of 95 mg/kg and is therefore rejected.

Exposure parameters: cocoon production 

Equilibration time: -

Exposure time: 28 days 

Reliability: EC10 values of 27 (for A. caliginosa), 28 mg/kg (for A. chlorotica) and 80 mg/kg for L. rubellus are rejected.  

(2( Martin (1986). Allolobophora caliginosa (earthworm). Statistics: p<0.05. Soil type: Red Hill sand soil from a dairy farm in Auckland, top soil, air-dried, 4 mm sieved. Test compound (CuSO4) added as aqueous solution and mixed with the soil. Test concentrations: 0-5-10-50-100-500-1000 mg/kg. Water is added to bring the soil moisture level to 25%. Five mature worms are added to the soil in a preserving jar and kept in the dark at 20 °C. Grass meal was added as food source. NOEC's are the highest concentrations showing no statistically significant inhibition compared to the control.

Exposure parameters: survival, cocoon production (it is not clear if there is an inhibition compared to the control for the endpoint growth)

Equilibration time: -

Exposure time: 14 days 

Reliability: NOEC values reported were 50 and 500 mg/kg.

No bioavailability correction possible as CEC is not given or can not be derived.

[3] Khalil et al. (1996a). Aporrectodea caliginosa. Statistics: EC10 and EC50 estimated from the data using a non-linear least squares fitting routine. Soil type: non EU soil (origin: Egypt): pH 7.05, %OM 21.6. Test compound (CuSO4) added as aqueous solution and mixed with the soil. Test concentrations: 0-25-50-100-150-300 mg/kg. Soils were placed in plastic containers (400 g moist soil per container; moisture content 50%), 10 juvenile worms were added to each container; 2 g of decayed litter was added as food source. NOEC is the highest concentration with ≤ 10% inhibition compared to the control (NOEC derived from Figure 1).

Exposure parameter: growth

Equilibration time: -

Exposure time: 42 days

Reliability: high quality NOEC values is 25 mg/kg (growth) 

No bioavailability correction possible as CEC is not given or can not be derived.

[4] Khalil et al. (1996b). Aporrectodea caliginosa. Statistics: EC10 and EC50 estimated from the data using a non-linear least squares fitting routine. Soil type: non EU soil (origin: Egypt): pH 7.05, %OM 21.6. Test compound (CuSO4) added as aqueous solution and mixed with the soil. Test concentrations: 0-500-600-700-800-900-1000 mg/kg (mortality); 0-50-100-200-400 mg/kg (reproduction). Mortality experiment: soil water content was 40%; soils were placed in plastic containers (400 g moist soil per container), 10 adult worms were added to each container; containers were kept at room temperature and natural day length. Reproduction experiment: soil water content was 45%; soils were placed in boxes (1 kg dry soil per box), 10 adult worms were added to each box; ground cattle manure was added as food source. NOEC = EC10.

Exposure parameter: mortality and reproduction

Equilibration time: -

Exposure time: 56 days

Reliability: high quality NOEC value is 70 mg/kg (reproduction).

No bioavailability correction possible as CEC is not given or can not be derived.

[5] Augustsson & Rundgren (1998). Cognettia sphagnetorum. No statistics applied. Soil type: LUFA 2.2 soil + commercial peat: pH 4.1, %OM 66, %clay 5.1. Test compound (CuCl2) added as an aqueous solution and intensively mixed. Test concentrations 0-50-100-400 mg/kg (food item fungus) and 0-50-100-200-400-800 mg/kg (food item green algae). Experiments were carried out using 5 ml glass vials containing 2 g soil. Single worms (10-15 mm) were inoculated in the vials, which were then sealed and incubated in darkness at 15°C. Two weeks before Cu was added, the soils were inoculated with a spore suspension of the fungus Mortierella isabellina. Alternatively, soils were inoculated with the green algae Pleurococcus spp. just before the worms were transferred to the soils. NOEC = EC10.

Exposure parameter: growth and fragmentation (# of fragments)

Equilibration time: -

Exposure time: 70 days

Reliability: high quality EC10 values are 63, 441, 312 and 455 mg/kg (growth). Two other EC10 values of 20 and 23 mg/kg (growth) were rejected because they are below the lowest tested concentration (i.e. 50 mg/kg).

[6] Bengtsson et al. (1996). Dendrobaena rubida. Statistics: p<0.05 but no further details. Soil type: sand (from C-horizon of coniferous forest soil) + well decomposed cattle dung (1:2 vol:vol): pH (a) 4.5, (b) 5.5, (c) 6.5, %OM 7.7-11.7, Cb = 14.6 mg/kg. Test compound (Cu(NO3)2) added as aqueous solution. Test concentrations: 0-100-500. Cocoon production was tested in rearing chambers containing soil and 5 to 6 worms and kept at 14°C. Hatching success was tested by transferring harvested cocoons to hatching chambers and incubation in darkness at 20°C (no soil present). NOEC is highest tested concentration showing no significant difference with the control.

Exposure parameter: cocoon production, hatching success

Equilibration time: 28 days

Exposure time: 90 days 

Reliability: high quality NOEC value is 100 mg/kg (hatching and reproduction).

No bioavailability correction possible as CEC is not given or can not be derived.

[7] Van Dis et al. (1988). Eisenia Andrei. Statistics: Student’s t-test. Soil type: OECD soil: pH 6.2, %OM 10, %clay 20. Test compound added as aqueous solution and mixed with the soil. Test concentrations: 0-10-18-32-56-100. About 0.5 kg dry soil was placed in pots sealed with a petriglass and kept at 20°C under continuous light. Ten juveniles were added per pot. Cow dung was used as food source. NOEC is the highest concentration with ≤ 10% inhibition compared to the control. 

Exposure parameter: growth

Equilibration time: -

Exposure time: 84 days 

Reliability: high quality NOEC value is 56 mg/kg (growth)

[8] Van Gestel et al. (1989). Eisenia andrei. Statistics: Student's t-test. Soil type: OECD soil: pH 6.3-7.1, %OM 10, %clay 20. Test compound (CuCl2) added as an aqueous solution and intensively mixed. Test concentrations 0-60-120-180-240-300 mg/kg. Ten adult worms were kept in 0.5 kg soil. Before exposure worms were preconditioned for 1 week in untreated artificial soil. A second preconditioning period in treated soil followed. After this, the worms were exposed for 3 weeks. The test was extended with a recovery period of 3 weeks in untreated soil. Worms were fed with cow dung and kept at 20°C in an illuminated climatic chamber. NOEC is the highest tested concentration showing no statistically inhibition compared to the control. EC50 according to article statistics.

Exposure parameter: cocoon production

Equilibration time: -

Exposure time: 28 days

Reliability: high quality NOEC value is 120 mg/kg (reproduction).

[9] Van Gestel et al. (1991). Eisenia andrei. Statistics: ANOVA and Williams test. Soil type: OECD soil: pH 6.2, %OM 10, %clay 20, Cb = 6.1 mg/kg. Test compound (CuCl2) added as an aqueous solution and intensively mixed. Test concentrations 0-10-18-32-56-100. Ten juvenile worms were kept in 0.5 kg dry soil. Worms were fed with cow dung and kept at 20°C under continuous illumination. NOEC is the highest tested concentration showing no statistically inhibition compared to the control. 

Exposure parameter: growth

Equilibration time: -

Exposure time: 84 days

Reliability: high quality NOEC value is 56 mg/kg (growth).

(10( Svendsen & Weeks (1997a). Eisenia andrei (earthworm). Statistics: ANOVA, Tukey, P<0.005, P< 0.05. Soil type: EU soil: sandy forest soil, pHwater 5.6, %OM <1, %clay 4, and a gravimetric water content of 15%. Test compound (CuCl2) added in solution to dry soil and hand mixed. Ten adults were added to each container containing 600 g soil. Containers kept at 15°C, horse manure from a known source as food. Test concentrations: 0-20-40-80-160-320 mg/kg. The actual copper concentrations in the soil were measured after 28 days of exposure: 3.7(control)-25-49-92-192-339 mg/kg. NOEC's are the highest concentrations showing no statistically significant inhibition compared to the control. Cocoon production showed no clear dose-response pattern. 

Exposure parameters: mortality, growth

Equilibration period: 3 days

Exposure time: 28 days

Reliability: high quality NOEC values are 188 mg/kg (mortality and growth).

[11] Kula and Larink (1997). Eisenia fetida, Eisenia andrei. Statistics: ANOVA and Tukey’s multiple t-test (p≤0.05). Soil type: (A) LUFA 2.2 (sandy soil): pH 5.8, %OM 3.9; (B) OECD soil: pH 6.0, %OM 10, %clay 20. Test concentrations: 0-3.2-10-32-100-320 mg/kg. Test compound was homogeneously mixed with the soil. In the experiment 500 g dry soil was put in plastic boxes with a transparent plastic lid with small holes for ventilation. Ten worms were added to the soil. Cattle manure was used as food source. NOEC is the highest concentration showing no significant inhibition compared to the control.

Exposure parameter: cocoon production, juvenile production

Equilibration time: -

Exposure time: 28 days

Reliability: high quality NOEC values ranged between 3.2 mg/kg and 100 mg/kg (reproduction) for E. andrei and between 10 and 32 mg/kg (reproduction) for E. fetida. The lowest NOEC values are however below the limits for deficiency effects (Cu is an essential element). An unreliable NOEC was recorded for cocoon production and number of juveniles for  E. fetida  in Lufa 2.2 soil as the number of juveniles were below the mimimum limit (30) defined in the ISO protocol.

[12] Spurgeon et al (1994). Eisenia fetida. Statistics: NOEC’s were calculated using the Williams test, LC50 values were calculated by probit analysis, EC50 values were obtained from a logit model analysis. Soil type: OECD soil: pH6.3, %OM 10, %clay 20, Cb = 2.4 mg/kg. Test compound (Cu(NO3)2) added as aqueous solution and mixed with the soil. Test concentrations: 0-10-40-200-1000 mg/kg. Worms were incubated for 6 hours in artificial soil before use. Ten worms were added to each soil container. The experiment was run at 20°C in constant light.  NOEC is the highest concentration showing no statistically significant inhibition compared to the control (cocoon production) or the highest concentration showing ≤ 10% inhibition (mortality).

Exposure parameter: mortality, cocoon production

Equilibration time: -

Exposure time: 56 days

Reliability: high quality NOEC values are 10 (reproduction) and 200 (mortality) mg/kg.

[13] Spurgeon & Hopkin (1995). Eisenia fetida. Statistics: NOEC’s are determined using the derivation of the Williams test, EC50and LC50 were determined by logit and probit analysis respectively. Soil type: OECD soil: pH 6.1, %OM 10, %clay 20. Test compound (Cu(NO3)2) was added as aqueous solution. Test concentrations: 0-10-40-200-1000 mg/kg. Worms were exposed to uncomtaminated artificial soil 1 week prior to the experiment. After contamination, 10 worms were added to plastic boxes with soil. Horse manure was added weekly as food source. Containers were covered and maintained at 20°C at constant light. Cocoons found at the end of the experiment were maintained on uncontaminated artificial soil for 5 weeks to determine viability, number of juveniles and juvenile production rate. NOEC and EC50,, LC50 values in tables according to article statistics.

Exposure parameter: mortality, cocoon production, growth

Equilibration time: -

Exposure time: 14 days (mortality) or 21 days (cocoon production, growth)

Reliability: high quality NOEC values are 293 (mortality), 29 (reproduction) and 725 mg/kg (growth).

[14] Kula and Larink (1998). Eisenia fetida. Statistics: multiple t-test by Tukey. Soil type: (a) LUFA 2.2: pH 5.8, %OM 3.9, %clay 5.1; (b) OECD soil: pH 6, %OM 10, %clay 20. Test compound (CuCl2) added as aqueous solution and mixed with the soil. Test concentrations: 0-3.2-10-32-100-320 mg/kg. Method: 500 g dry soil added to plastic boxes, incubation at 20°C; cattle manure added as food source. NOEC is the highest tested concentration showing no statistically inhibition compared to the control.

Exposure parameter: mortality

Equilibration time: -

Exposure time: 28 days

Reliability: No reliable NOEC could be extracted, all were unbounded values.

[15] Scott-Fordsmand et al. (2000b). Eisenia fetida. Statistics: studentized range test (NOEC). Soil type: EU soil: sandy clay soil: pH 6.5-7.0, %OM 3.9-5.5, %clay 13-16, Cb = 15 mg/kg. Two exposure regimes: regime A: Test compound (CuCl2) added as aqueous solution. Test concentrations: 0-50-100-300-700-1400 mg/kg. B: soil samples taken along a gradient in the field contaminated with Cu more than 70 year before, 15-67-211-421-829-1369 mg Cu/kg. Experiments were conducted in containers containing 600 g moist soil (500 g dry soil) and 10 worms. Experiments were run at 20°C with a 12h/12h light/dark regime. Horse manure was used as food source. NOEC is the highest tested concentration showing no statistically inhibition compared to the control.

Exposure parameter: growth, mortality, reproduction

Equilibration time: (A) 1 day; (B) > 70 years (aged soils are not considered here)

Exposure time: 21 days

Reliability: high quality NOEC values are 700 mg/kg (growth) and 100 mg/kg (reproduction).

[16] Lock and Janssen (2002). Enchytraeus albidus, reproduction, tests were performed using 4 replicates for each treatment with 10 adult worms with a fully developed clitellum. Soil: OECD soil: pH-KCl 6, %OM 10 (Spaghnum peat), 20% kaolinite clay. Test compound (CuCl2) was added as aqueous solution. Added test concentrations: 0-180-320-560-1000 mg Cu/kg, 4 replicas.

Statistics: EC10 values were calculated with the probit method. The tests are conducted at a temperature of 20 ( 1 °C in pots containing 20 g soil. Soil moisture was adjusted twide a week by replenishing weight loss with deionised water. Weekly ground rolled oats were put on the surface as a food source.

After the 6-weeks reproduction test (P-generation), the F1 generation was transferred to 200g of standard artificial soil spiked with the same metal concentrations as during P-generation exposure. After 3 months of exposure the F1-generation was used to set up another reproduction test.

Exposure parameter: reproduction

Equilibration time: 0

Exposure time: 42 days

Reliability: P-generation and F1-generation EC10 values of 130 and 53 mg Cu/kg respectively were unreliable as they are below the lowest tested concentration.

[17] Liang and Zhou (2003). Eisenia foetida: tests were performed with 16 adult worms for each treatment and using 3 replicas. Soil: natural soil. Test compound (CuSO4.5H20). Test concentrations (added): 300-650-1000-1350 and 1700 mg Cu/kg. Statistics: not reported. The tests are conducted at a temperature of 20 ( 1 °C in pots containing 500 g dry soil and 125 ml of water.  

Exposure parameter: mortality

Equilibration time: 0

Exposure time: 14 days

Reliability: Rejected data because pH, %OM are not indicated. Relevancy of soil for Europe can not be verified.

[18] Sandifer and Hopkin (1996). Folsomia candida. Statistics: Student t-test. Soil type: OECD soil: (a) pH 6.0, (b) pH 5.0, (c) pH 4.5, %OM 10, %clay 20. Test compound (Cu(NO3)2) added as aqueous solution and mixed with the soil. Test concentrations: 0-10-40-200-1000-3000 mg/kg. Soils were placed in plastic vending machine cups (30 g soil) and 10 adult springtails were added to each cup. Tests were carried out at 20°C under constant light conditions. Yeast was used as food source. NOEC is the highest concentration showing no significant difference with the control, EC50 values in table according to article statistics.

Exposure parameter: reproduction, mortality

Equilibration time: 2 days

Exposure time: 28 days

Reliability: high quality NOEC values are 40 mg/kg (mortality), and between 200 and 1,000 mg/kg (reproduction). 

[19] Sandifer and Hopkin (1997). Folsomia candida. Statistics: Student t-test. Soil type: OECD soil: pH 6.0, %OM 10, %clay 20. Test compound (Cu(NO3)2) added as aqueous solution and mixed with the soil. Test concentrations: 0-10-40-200-1000-3000 mg/kg Soils were placed in plastic vending machine cups (30 g soil) and 10 adult springtails were added to each cup. Tests were carried out at 20°C, 15°C and 25°C under constant light conditions. Yeast was used as food source. NOEC is the highest concentration showing no significant difference with the control, EC50 values in table according to article statistics.

Exposure parameter: reproduction, mortality

Equilibration time: 2 days

Exposure time: 28 days (20 and 25°C) and 42 days (15°C)

Reliability: high quality NOEC values are 200 mg/kg (reproduction) and 1,000 mg/kg (mortality).

[20] Rundgren and Van Gestel (1998). Folsomia candida, Isotoma viridis. Statistics: not indicated. Soil type: Soil type: (a) LUFA 2.2: pH 5.8, %OM 3.9, %clay 5.1; (b) OECD soil: pH 6, %OM 10, %clay 20. Test compound (CuCl2) added as aqueous solution and mixed with the soil. Test concentrations: not indicated. Method F. candida: described by Wiles & Krogh (1998): 10 F. candida placed in containers with soil; incubation at 15°C; baker’s yeast added as food source. Method I. viridis: 20 I. viridis added per test container with soil; dried baker’s yeast added as food source; light:dark regime 16h:8h. NOEC in tables calculated in the article but no details given.

Exposure parameter: growth, reproduction

Equilibration time: 1 day

Exposure time: 21 days

Reliability: high quality NOEC values are between 200 and 800 mg/kg (growth) and 400 mg/kg (reproduction) for F. candida and between 50 and 400 mg/kg (growth) for I. viridis.

[21] Scott-Fordsmand et al. (1997). Folsomia fimetaria. Statistics: Tukey’s studentized range test (NOEC), fitting of a logistic model to the data (EC50). Soil type: LUFA 2.2 soil: pH 5.5, %OM3.9, %clay 5. Test compound (CuCl2) added as aqueous solution. Test concentrations: 0-200-400-600-800-1000 mg/kg. The experiment was conducted in microcosms containing 25.5 g dry soil to which 20 Collembola were added. The microcosms were kept at 20°C with a 12h/12h light dark regime. The animals were fed with dried Bakers yeast. NOEC is the highest tested concentration showing no statistically inhibition compared to the control and with the LOEC with >10% inhibition, EC50 value in table according to article statistics. According to the article, the NOEC for male growth after 21 days is 200 mg/kg (female growth: 600 mg/kg) and the LOEC is 400 mg/kg (800 mg/kg respectively). However, as the EC10 is higher than the LOEC (542 and 845 respectively) there is less than 10% inhibition at the LOEC and the reported EC10’s are considered as NOEC’s.

Exposure parameter: growth, mortality (of juveniles), reproduction

Equilibration time: 1 day

Exposure time: 21 days

Reliability: high quality NOEC values are 800 mg/kg for the endpoint mortality and between 400 and 845 for the endpoint growth.

[22] Scott-Fordsmand et al. (2000a). Folsomia fimetaria. Statistics: studentized range test (NOEC). Soil type: EU soil: sandy clay soil: pH 6.5-7.0, %OM 3.9-5.5, %clay 13-16, Cb = 15 mg/kg. Two exposure regimes: regime A: Test compound (CuCl2) added as aqueous solution. Test concentrations: 0-200-400-600-800-1000-2000-3000 mg/kg. B: soil samples taken along a gradient in the field contaminated with Cu more than 70 year before, 15-568-954-1495-2095-2672-2912 mg Cu/kg. Experiments were conducted in microcosms containing 30 g moist soil (25.75 g dry soil) and 20 adult Collembola. Experiments were run at 20°C with a 12h/12h light/dark regime. Dried Bakers’ yeast was used as food source. NOEC is the highest tested concentration showing no statistically inhibition compared to the control.

Exposure parameter: growth, mortality, reproduction

Equilibration time: (A) 1 day; (B) >70 years (aged soils are not considered here)

Exposure time: 21 days

Reliability high quality NOEC values varied between 600 and 1,000 mg/kg for the endpoint mortality, 400 for the endpoint reproduction and 1,000 for the endpoint growth.

[23] Pedersen et al. (2001). Folsomia fimeteria: tests were performed with 20 adults/container for each treatment and using 8 replicates. Soil: sand clay soil, 4mm sieved, pH(H20) 6.7, 13.8% clay, 4.5 %OM. 15 mg baker’s yeast was applied on small plastic disks. Test compound CuSO4 was added as a solution and mixed with the soil. Test concentrations (added): 0-100-200-400-800-1200-1600-2400-3200 mg Cu/kg.

Statistics: Dose-response relationships were established by SAS procedure NLIN, Gauss-Newton method, applying the log-log model for the determination of the EC10 and EC50.

 The tests are conducted at a temperature of 20 °C 

Exposure parameter: reproduction

Equilibration time: 1-84 days

Exposure time: 21 days

Reliability: high quality added EC10 values range from 688 to 888 mg Cu/kg 

[24] Pedersen et al. (2000). Folsomia fimeteria and Folsomia candida: tests were performed with 10 (F candida) and 20 adults (F fimeteria)/container for each treatment and using 4 replicates. Soil: sand clay soil, pH(H20) 6.7, 13.8% clay, 4.5 %OM. Dry baker’s yeast was applied on small plastic disks. Test compound CuSO4 was added as a solution and mixed with the soil. Test concentrations (added): 0-100-200-400-800-1200-1600 mg Cu/kg.

Statistics: EC10 were derived using the SAS procedure NLIN.

The tests are conducted at a temperature of 20 °C 

Exposure parameter: reproduction

Equilibration time: 0 days

Exposure time: 21 days

Reliability: An unreliable (unbounded) EC10 was found for F candida and a high quality EC10 of 141 mg Cu/kg was found for F fimeteria.

[25] Herbert et al. (2004). Folsomia candida. Endpoint: Instantaneous rate of population increase. Statistics: NOEC value was derived using a GLM ANOVA and Dunnetts test.

Tests were performed with 10 (F candida) juveniles/container for each treatment and using 4 replicates. 35g soil/container. Soil: artificial OECD soil, pH(H20) 6.0, 20% kaolinite clay, 10 %OM (peat). 2mg baker’s yeast was added at the start and after 14 days. Test compound CuCl2 was added as a solution and mixed with the soil. Test concentrations (added): 0-12.5-50-200-800-3200-12800 mg Cu/kg.

The tests are conducted at a temperature of 20 °C, moisture content was checked twice a week. 

Exposure parameter: Instantaneous rate of population increase after 28 days.

Equilibration time: 7 days

Exposure time: 28 days

Reliability: a highly reliable NOEC of 796.8 mg Cu/kg was found.

[26] Krogh and Axelsen, (1998). Hypoaspis aculeifer. Statistics: EC10 calculation, method not indicated. Soil type: Soil type: LUFA 2.2: pH 5.8, %OM 3.9, %clay 5.1 Test compound (CuCl2) added as aqueous solution and mixed with the soil. Test concentrations: not indicated. Method: 10 female and 5 male H. aculeifer added to test soil + 100 Folsomia fimetaria (prey); soils incubated at 15°C, light: dark regime 12h:12h; dried baker’s yeast added as food source. NOEC = EC10.

Exposure parameter: reproduction, mortality

Equilibration time: 0

Exposure time: 21 days

Reliability: high quality NOEC value is 174 mg/kg for the endpoint reproduction.

[27] Ma (1982). Lumbricus rubellus. Statistics: not indicated. Soil type: EU soil: sandy loam soil: pH(KCl) 7.3, %OM 8, %clay 17, Cb = 12 mg/kg. Test compound (CuCl2) added to the soil and thoroughly mixed. Test concentrations: 0-20-150-1000-3000. Quantities of 5 liters of treated soil were kept in fine-meshed nylon netbags, embedded in uncontaminated soil in large containers. Five adult worms were introduced in each bag. Air dried alder leaves were used as food source. Containers were kept in a controlled environment at 15°C. NOEC is the highest concentration showing ≤ 10% inhibition compared to the control.

Exposure parameter: mortality

Equilibration time: 0

Exposure time: 84 days 

Reliability: high quality NOEC value is 150 mg/kg for the endpoint mortality.

[28] Ma (1984). Lumbricus rubellus. Statistics: ANOVA and least significant differences or Newman-Keuls test. Soil type: European soils: (a) loamy sand: pH(KCl) 4.8, %OM 5.7, %clay 2, Cb = 14 mg/kg, (b) calcareous sandy loam, pH(KCl) 7.3, %OM 3.4, %clay 17, Cb = 13 mg/kg. No indication on how test compound (CuCl2) was added. Test concentrations (measured): (a) 14-54-131-372 mg/kg; (b) 13-63-136-373 mg/kg. Worms were kept in nylon-meshed netbags with 5-litre volume (5 worms/bag). A measured amount of air-dried alder leaves was placed on top of the soil surface in each unit. The units were incorporated into a layer of soil in large containers and kept at 15°C. NOEC is the highest tested concentration showing no statistically inhibition compared to the control.

Exposure parameter: mortality, reproduction (cocoon production), litter breakdown activity, body weight

Equilibration time: -

Exposure time: 42 days

Reliability: high quality NOEC values varied between 40 and 50 mg/kg (litter breakdown), between 117 and 123 mg/kg (mortality), and 40 mg/kg (reproduction), and 117 mg/kg (growth).

[29] Svendsen and Weeks (1997b). Lumbricus rubellus. Statistics: two-way ANOVA. Soil type: EU soil: forest soil: pH 5.6, %OM <1%, %clay 4, Cb = 3 mg/kg. Test compound (CuCl2) added as aqueous solution and thoroughly mixed. Test concentrations: 0-20-40-80-160-320 mg/kg (measured concentrations: 3-26-43.5-75.8-153-231 mg/kg). Worms were exposed under semi-field conditions. Mesocosms were filled with 15.5 kg soil and sunk into the ground. Five mature and 20 immature worms were added to each mesocosm. Mesocosms were kept under field conditions. Dried horse manure was added as food source. NOEC is the highest concentration with ≤ 10% inhibition.

Exposure parameter: growth, mortality

Equilibration time: 5 days

Exposure time: 110 days 

Reliability: high quality NOEC value for growth is 73 mg/kg and for mortality 150 mg/kg.

[30] Spurgeon et al. (2004). Lumbricus rubellus: tests were performed with 1 adult worm/pot for each treatment and using 25 replicates. Soil: clay loam soil, 2mm sieved, pH(H20) 7.2-7.8, %LOI 9.5-9.95, moisture content 60% WHC. Uncontaminated horse manure was added as food source on a regular basis (1-1.5g). Test compound (CuCl2.2H20). Test concentrations (added): 0-8.4-39.3-139.6-627.6 mg Cu/kg.

Statistics: One-way ANOVA and Tukey’s test. The tests are conducted at a temperature of 15( 1 °C in pots containing 400 g dry soil and 125 ml of water. 

Exposure parameter: mortality

Equilibration time: 14 days

Exposure time: 294 days

Reliability: high quality NOEC value of 139.6 mg Cu/kg

[31] Jäggy and Streit (1982). Octalasium cyaneum. No statistics reported. Soil type: (a) European soil: brown soil type, pH4.78, %OM 5.4, Cb = 53 mg/kg; (b) commercial peaty soil, pH 4.5, %OM 72.6, Cb = 14 mg/kg. Test compound (CuSO4) was added as aqueous solution and thoroughly mixed with the soil. Test concentrations are 0-100-200-400-1200 mg/kg (soil a) and 0-100-400-1200-2700 mg/kg (soil b). Worms were kept in a dark room at 17-18°C, moisture was held constant during the whole experimental period. NOEC is highest tested concentration with ≤ 10% inhibition.

Exposure parameter: mortality

Equilibration time: -

Exposure time: 30 days (soil a), 14 days (soil b)

Reliability: high quality NOEC value varied between 100 and 1,200 mg/kg for the endpoint mortality.

No bioavailability correction possible as CEC is not given or can not be derived.

[32] Kammenga et al. (1996). Plectus acuminatus. Statistics: Student’s t-test, p<0.05. Soil type: OECD soil: pH 5.5, %OM 10%, clay 20. Test compound (CuCl2) was mixed with the dry sand fraction before peat and clay were added. Test concentrations: 0-10-32-100-320-1000 mg/kg. The experiment was carried out with 100 nematodes in 5 g soil incubated at 20°C. Only 54 organisms were recovered in the control, at the end of the experiment! NOEC is highest tested concentration showing no significant difference with the control.

Exposure parameter: juveniles to adult ratio

Equilibration time: 5h

Exposure time: 21 days 

Reliability: high quality NOEC value is 32 mg/kg (reproduction); the LOEC is 100 mg/kg, 14% effect.
[33] Van Gestel and Doornekamp (1998). Platynothrus peltifer. Statistics: not indicated. Soil type: LUFA 2.2: pH 5.8, %OM 3.9, %clay 5.1. Test compound (CuCl2) added as aqueous solution and mixed with the soil. Test concentrations: not indicated. Method: 20 adult mites added in containers with soil; incubation at 12, 16 and 18-20°C; green algae added as food source. NOEC in tables calculated in the article but no details given.

Exposure parameter: reproduction (juvenile production)

Equilibration time: 0

Exposure time: 70 days

Reliability: high quality NOEC value is 63 mg/kg (reproduction)

[34] University of Ghent, 2004- (this research is part of the ICA/ECI research project on the ‘development of a predictive model of bioavailbility and toxicity of copper in soils’)

Folsomia candida: tests were performed using 3 replicates for each treatment with 10 synchronised juvenile organisms (age between 10 and 12 days). The tests are conducted at a temperature of 20 ( 1 °C in pots containing 30 g soil. Soil moisture was kept constant through addition of distilled water. At test initiation, the organisms were fed with 2 mg of yeast. After 28 days of exposure, the total produced and dead juveniles are counted. A detailed description of the test is given in the ISO protocol 11267.

Eisenia fetida: Tests were performed using 3 replicates per soil treatment. The moisture content of the soil is adjusted to 40-60 % of the maximum WHC by the addition of distilled water. Adult worms between two months and one year old and with a clitellum were used to start the test. A loading of 10 earthworms in 500 - 600 g dry mass of soil (i.e. 50-60 g of soil per worm) is used. The test temperature is 20 ± 2 °C. After 28 of incubation, the living adult worms are observed and counted the end of the test, the number of juveniles produced over the 8-week test period is determined. The characteristics of the soils selected for this research are mentioned in chapter 2.1

Equilibration time: 7

Exposure time: 28 days

Reliability: high quality NOEC values varied between 28 and 1390 mg/kg for F. candida (reproduction) and between 48 and 303 mg/kg for E. fetida (reproduction).

3.2.5.2.3 Microorganisms 

Data on microbial toxicity tests resulting in NOEC values are summarised in Table 3‑3. Tests on microbial processes are multi-species test, in which the native soil microbial community is exposed. The selected NOEC or EC10 values comprise functional parameters (n=77), and microbial growth (n=2). The functional parameters are based on the carbon cycle (n=49), nitrogen cycle (n=26), including denitrification and mineralisation of specific substrates. Enzymatic parameters are not further considered in the effects assessment. The influence of including enzymatic endpoints on the SSD has been investigated in Appendix ZC to this chapter. 
In the total risk approach, NOEC or EC10 values range from 30 mg/kg (glucose respiration; University of Leuven, 2004) to 2,402 mg/kg (maize respiration; University of Leuven, 2004).

	Table 3‑3    Overview of the NOEC values for microbial processes.
	Values selected for the effects assessment are underlined. 

	
	
	
	
	
	
	
	
	
	Added NOEC
	Total NOEC

	Test substance
	Process
	Medium
	pH
	%OM
	%clay
	Cb
	CEC
	Duration
	NOEC or EC10
	Unbounded NOEC
	NOEC or EC10
	Unbounded NOEC

	
	
	
	
	
	
	mg/kgdw
	cmol/kg
	
	mg/kgdw
	mg/kgdw
	mg/kgdw
	mg/kgdw

	CuCl2
	phosphatase activity
	sandy loam
	5.1
	5.7
	9
	6.5
	
	540
	438
	
	445
	

	CuCl2
	phosphatase activity
	silty loam
	7.4
	2.4
	19
	22
	
	540
	170
	
	192
	

	CuCl2
	phosphatase activity
	clay
	6.8
	3.2
	60
	52
	
	540
	960
	
	1,012
	

	CuCl2
	phosphatase activity
	sandy peat
	4.3
	12.8
	5
	5.5
	
	540
	58
	
	64
	

	
	
	
	
	
	
	
	
	
	Doelman & Haanstra, 1989 [1]

	CuCl2
	urease activity
	silty loam
	7.4
	2.4
	19
	22
	
	540
	340
	
	362
	

	CuCl2
	urease activity
	clay
	6.8
	3.2
	60
	52
	
	540
	520
	
	572
	

	CuCl2
	urease activity
	sandy peat
	4.3
	12.8
	5
	5.5
	
	540
	210
	
	216
	

	
	
	
	
	
	
	
	
	
	Doelman & Haanstra, 1986 [2]

	CuCl2
	respiration
	sand
	7.7
	1.6
	2
	4
	4.4
	490
	150
	
	154
	

	CuCl2
	respiration
	sandy loam
	5.1
	5.7
	9
	6.5
	
	301
	
	<150
	
	<156.5

	CuCl2
	respiration
	silty loam
	7.4
	2.4
	19
	22
	
	630
	
	≥ 8,000
	
	≥ 8,022

	CuCl2
	respiration
	clay
	6.8
	3.2
	60
	52
	
	560
	
	≥ 8,000
	
	≥ 8,052

	CuCl2
	respiration
	sandy peat
	4.3
	12.8
	5
	5.5
	14.5
	574
	400
	
	406
	

	
	
	
	
	
	
	
	
	
	Doelman & Haanstra, 1984 [3]

	CuCl2
	arylsulphatase activity
	sandy loam
	5.1
	5.7
	9
	6.5
	
	540
	347
	
	354
	

	CuCl2
	arylsulphatase activity
	silty loam
	7.4
	2.4
	19
	22
	
	540
	289
	
	311
	

	CuCl2
	arylsulphatase activity
	clay
	6.8
	3.2
	60
	52
	
	540
	2,669
	
	2,721
	

	CuCl2
	arylsulphatase activity
	sandy peat
	4.3
	12.8
	5
	5.5
	
	540
	3,323
	
	3,329
	

	
	
	
	
	
	
	
	
	
	Haanstra & Doelman, 1991 [4]

	CuSO4
	N-mineralisation
	sandy loam
	5.9
	3.4
	16
	33
	13.8
	21
	100
	
	133
	

	CuSO4
	N-mineralisation
	sandy loam
	7.3
	3.4
	16
	33
	16.3
	21
	
	<100
	
	<133

	CuSO4
	nitrification
	sandy loam
	5.9
	3.4
	16
	33
	13.8
	21
	100
	
	133
	

	CuSO4
	nitrification
	sandy loam
	7.3
	3.4
	16
	33
	16.3
	21
	100
	
	133
	

	
	
	
	
	
	
	
	
	
	Quraishi & Cornfield, 1973 [5]

	CuSO4
	ammonification (aeroob)
	sandy loam
	7.1
	3.4
	17
	33
	16.5
	21
	1,000
	
	1,033
	

	CuSO4
	nitrification
	sandy loam
	7.1
	3.4
	17
	33
	16.5
	21
	1,000
	
	1,033
	

	CuSO4
	ammonification (anaeroob)
	sandy loam
	7.1
	3.4
	17
	33
	16.5
	21
	
	≥ 10,000
	
	≥ 10,033

	
	
	
	
	
	
	
	
	
	Premi & Cornfield, 1969 [6]

	CuCl2
	glutamic acid decomposition
	sand
	7.7
	1.6
	2
	4
	
	540
	
	<55
	
	<59

	CuCl2
	glutamic acid decomposition
	silty loam
	7.4
	2.4
	19
	22
	16.5
	540
	55
	
	77
	

	CuCl2
	glutamic acid decomposition
	clay
	6.8
	3.2
	60
	52
	41.6
	540
	55
	
	107
	

	CuCl2
	glutamic acid decomposition
	sandy peat
	4.3
	12.8
	5
	5.5
	14.5
	540
	400
	
	406
	

	
	
	
	
	
	
	
	
	
	Haanstra & Doelman, 1984 [7]

	CuSO4
	amidase activity
	clay
	7.5
	
	17.7
	10.7
	
	84
	200
	
	210.7
	

	CuSO4
	amidase activity
	sand
	7.4
	
	2.2
	10.7
	
	84
	
	≥ 2,000
	
	≥ 2,010.7

	
	
	
	
	
	
	
	
	
	Hemida et al., 1997 [8]

	CuSO4
	N-mineralisation
	silty loam
	6.9
	2.2
	
	9.4
	27.3
	84
	
	<100
	
	<109

	
	
	
	
	
	
	
	
	
	Chang & Broadbent, 1982 [9]

	CuSO4
	respiration
	silty loam
	6.9
	2.3
	
	9.4
	27.3
	90
	
	<40.6
	
	<50

	
	
	
	
	
	
	
	
	
	Chang and Broadbent (1981) [10]

	CuSO4
	ethylene production
	Hanford soil
	7.15
	8.16
	18
	10.7
	
	7
	10
	
	20.7
	

	
	
	
	
	
	
	
	
	
	Arshad & Frankenberger, 1991 [11]

	CuSO4
	microbial biomass
	Lösslehm
	6.1
	2.7
	
	50
	
	30
	100
	
	150
	

	CuSO4
	microbial biomass
	Auengleye
	7.5
	4.9
	
	80
	
	30
	100
	
	180
	

	CuSO4
	microbial biomass
	Aueboden
	7.2
	3.3
	
	50
	
	30
	100
	
	150
	

	
	
	
	
	
	
	
	
	
	Beck, 1981 [12]

	Cu-salt
	respiration
	Grassland soil
	6.3
	10.1
	29.8
	32
	61.4
	49
	
	>768
	
	>800

	
	Microbial biomass C
	Grassland soil
	6.3
	10.1
	29.8
	32
	61.4
	49
	118
	
	150
	

	
	Microbial biomass N
	Grassland soil
	6.3
	10.1
	29.8
	32
	61.4
	49
	468
	
	500
	

	
	N-mineralisation
	Grassland soil
	6.3
	10.1
	29.8
	32
	61.4
	49
	268
	
	300
	

	
	
	
	
	
	
	
	
	
	Khan  and Scullion, 2002 [13]

	Cu(NO3)2
	denitrification
	silty loam
	6.75
	3.1
	28.1
	10.7
	22.1
	21
	100
	
	110.7
	

	
	
	
	
	
	
	
	
	
	Bollag & Barabasz, 1979 [14]

	CuSO4
	ATP content
	forest soil
	4.5
	80
	
	10.7
	
	182
	337
	
	347.7
	

	CuSO4
	ATP content
	sandy loam
	7.8
	4.4
	
	10.7
	
	182
	197
	
	207.7
	

	CuSO4
	respiration
	forest soil
	4.5
	80
	
	10.7
	
	182
	763
	
	773.7
	

	
	
	
	
	
	
	
	
	
	Frostegard et al., 1993 [15]

	CuSO4
	dehydrogenase activity
	alluvial soil
	7.1
	1.9
	
	3
	
	182
	10
	
	13
	

	
	
	Sandy soil
	6.9
	3
	
	0.9
	
	182
	
	<10
	
	<10.9

	
	
	
	
	
	
	
	
	
	Maliszewska et al., 1985 [16]

	CuCl2
	respiration
	sandy loam
	5.2
	2.4
	8
	10.7
	
	28
	
	<50
	
	<60.7

	
	
	
	
	
	
	
	
	
	Saviozzi et al., 1997 [17]

	CuCl2
	respiration
	forest soil: sandy clay loam
	7
	
	
	10.7
	
	20
	50
	
	60.7
	

	CuCl2
	urease activity
	forest soil: sandy clay loam
	7
	
	
	10.7
	
	20
	200
	
	210.7
	

	
	
	
	
	
	
	
	
	
	Skujins et al., 1986 [18]

	Cu(NO3)2
	phosphatase activity
	Loam
	6.1
	20.4
	32
	10.7
	
	7
	
	<635
	
	<640.7

	Cu(NO3)2
	phosphatase activity
	Silt loam
	6.3
	13.8
	2.5
	10.7
	
	7
	
	<635
	
	<640.7

	Cu(NO3)2
	sulphatase activity
	loam
	6.1
	20.4
	32
	10.7
	
	7
	
	<635
	
	<640.7

	Cu(NO3)2
	sulphatase activity
	silt loam
	6.3
	13.8
	2.5
	10.7
	
	7
	
	<635
	
	<640.7

	Cu(NO3)2
	substrate induced respiration
	loam
	6.1
	20.4
	32
	10.7
	48.5
	7
	635
	
	645.7
	

	Cu(NO3)2
	substrate induced respiration
	silt loam
	6.3
	13.8
	2.5
	10.7
	22.7
	7
	635
	
	645.7
	

	Cu(NO3)2
	substrate induced respiration
	Loamy sand
	5.8
	7.8
	3
	10.7
	
	7
	
	<635
	
	<640.7

	
	
	
	
	
	
	
	
	
	Speir et al., 1999 [19]

	CuCl2
	Nitrification
	Sandy loam Nottingham
	3.4
	8.3
	13
	17
	6.7
	28
	200
	
	217
	

	CuCl2
	Nitrification
	Sandy clay loam Zegveld
	4.7
	37.3
	24
	70
	35.3
	4
	1200
	
	1270
	

	CuCl2
	Nitrification
	Loamy sand Kovlinge I
	4.8
	2.6
	7
	6
	2.4
	28
	25
	
	31
	

	CuCl2
	nitrification
	Sandy clay Souli I
	4.8
	0.7
	38
	31
	11.2
	28
	25
	
	56
	

	CuCl2
	nitrification
	Sandy loam Kovlinge II
	5.1
	3.8
	9
	8
	4.7
	14
	50
	
	58
	

	CuCl2
	nitrification
	Clay    Aluminosa
	5.4
	1.4
	51
	21
	22.6
	28
	100
	
	121
	

	CuCl2
	nitrification
	Sandy clay loam Woburn
	6.4
	7.0
	21
	22
	23.4
	4
	300
	
	322
	

	CuCl2
	nitrification
	Silt loam        Ter Munck
	6.8
	1.6
	15
	22
	8.9
	7
	200
	
	222
	

	CuCl2
	nitrification
	Silty clay loam Vault de Lugny
	7.3
	2.3
	38
	21
	26.2
	4
	800
	
	821
	

	CuCl2
	nitrification
	Silty clay loam Rots
	7.4
	2.0
	27
	14
	20.0
	7
	400
	
	414
	

	CuCl2
	nitrification
	Clay            Souli II
	7.4
	4.2
	46
	34
	36.3
	14
	600
	
	634
	

	CuCl2
	nitrification
	Silt loam Marknesse
	7.5
	2.0
	26
	18
	20.1
	7
	800
	
	818
	

	CuCl2
	nitrification
	Loam    Barcelona
	7.5
	2.4
	21
	88
	14.3
	11
	300
	
	388
	

	CuCl2
	nitrification
	Clay          Brécy
	7.5
	2.4
	50
	31
	23.5
	4
	400
	
	431
	

	CuCl2
	nitrification
	Loam Guadalajara
	7.5
	0.6
	25
	7
	16.9
	7
	52
	
	59
	

	CuCl2
	nitrification
	Sandy clay

Hygum
	5.4
	3.3
	23
	21
	6.7
	14
	127
	
	148
	

	CuCl2
	nitrification
	Loamy sand Wageningen A
	4.3
	2.2
	9
	19
	1.2
	18
	
	<12
	
	<29

	CuCl2
	nitrification
	Loamy sand Wageningen D
	5
	2.3
	9
	19
	1.9
	18
	65
	
	84
	

	CuCl2
	nitrification
	Sand       Woburn salt
	6.5
	0.2
	8
	13
	8.4
	14
	100
	
	113
	

	CuCl2
	nitrification
	Sand       Woburn cake
	6.5
	0.3
	8
	35
	11.6
	14
	50
	
	85
	

	CuCl2
	Glucose respiration
	Loamy sand Gudow
	3
	8.2
	7
	2
	5.8
	4
	1200
	
	1202
	

	CuCl2
	Glucose respiration
	Sandy loam Nottingham
	3.4
	8.3
	13
	17
	6.7
	4
	150
	
	167
	

	CuCl2
	Glucose respiration
	Loamy sand Houthalen
	3.4
	3.0
	5
	2
	1.9
	4
	50
	
	52
	

	CuCl2
	Glucose respiration
	Loamy sand Rhydtalog
	4.2
	20.7
	13
	14
	15.2
	4
	600
	
	614
	

	CuCl2
	Glucose respiration
	Sandy clay loam Zegveld
	4.7
	37.3
	24
	70
	35.3
	4
	100
	
	170
	

	CuCl2
	Glucose respiration
	Loamy sand Kovlinge I
	4.8
	2.6
	7
	6
	2.4
	4
	25
	
	31
	

	CuCl2
	Glucose respiration
	Sandy clay Souli I
	4.8
	0.7
	38
	31
	11.2
	4
	100
	
	131
	

	CuCl2
	Glucose respiration
	Sandy loam Kovlinge II
	5.1
	3.8
	9
	8
	4.7
	4
	50
	
	58
	

	CuCl2
	Glucose respiration
	Loamy sand Montpellier
	5.2
	1.2
	9
	5
	2.5
	4
	25
	
	30
	

	CuCl2
	Glucose respiration
	clay Aluminosa
	5.4
	1.4
	51
	21
	22.6
	4
	400
	
	421
	

	CuCl2
	Glucose respiration
	Sandy clay loam Woburn
	6.4
	7.0
	21
	22
	23.4
	4
	300
	
	321
	

	CuCl2
	Glucose respiration
	Silt loam Ter Munck
	6.8
	1.6
	15
	22
	8.9
	4
	50
	
	72
	

	CuCl2
	Glucose respiration
	Silt clay loam Vault de Lugny
	7.3
	2.3
	38
	21
	26.2
	4
	102
	
	123
	

	CuCl2
	Glucose respiration
	Silt clay loam Rots
	7.4
	2.0
	27
	14
	20.0
	4
	200
	
	214
	

	CuCl2
	Glucose respiration
	Clay Souli II
	7.4
	4.2
	46
	34
	36.3
	4
	89
	
	123
	

	CuCl2
	Glucose respiration
	Silt loam Marknesse
	7.5
	2.0
	26
	18
	20.1
	4
	23
	
	41
	

	CuCl2
	Glucose respiration
	loam    Barcelona
	7.5
	2.4
	21
	88
	14.3
	4
	300
	
	388
	

	CuCl2
	Glucose respiration
	clay           Brécy
	7.5
	2.4
	50
	31
	23.5
	4
	200
	
	231
	

	CuCl2
	Glucose respiration
	loam Guadalajara
	7.5
	0.6
	25
	7
	16.9
	4
	50
	
	57
	

	CuCl2
	Glucose respiration
	Sandy clay Hygum
	5.4
	3.3
	23
	21
	6.7
	4
	170
	
	191
	

	CuCl2
	Glucose respiration
	Loamy sand  Wageningen A
	4.3
	2.2
	9
	19
	1.2
	4
	12
	
	31
	

	CuCl2
	Glucose respiration
	Loamy sand Wageningen D
	5
	2.3
	9
	19
	1.9
	4
	25
	
	44
	

	CuCl2
	Glucose respiration
	Sand      Woburn salt
	6.5
	0.2
	8
	13
	8.4
	4
	100
	
	113
	

	CuCl2
	Glucose respiration
	Sand       Woburn cake
	6.5
	0.3
	8
	35
	11.6
	4
	27
	
	62
	

	CuCl2
	Maize respiration
	Loamy sand Gudow
	3
	8.2
	7
	2
	5.8
	28
	2400
	
	2402
	

	CuCl2
	Maize respiration
	Sandy loam Nottingham
	3.4
	8.3
	13
	17
	6.7
	28
	1200
	
	1217
	

	CuCl2
	Maize respiration
	Loamy sand Rhydtalog
	4.2
	20.7
	13
	14
	15.2
	28
	1200
	
	1214
	

	CuCl2
	Maize respiration
	Sandy clay loam Zegveld
	4.7
	37.3
	24
	70
	35.3
	28
	300
	
	370
	

	CuCl2
	Maize respiration
	Loamy sand Kovlinge I
	4.8
	2.6
	7
	6
	2.4
	28
	50
	
	56
	

	CuCl2
	Maize respiration
	Sandy clay Souli II
	4.8
	0.7
	38
	31
	11.2
	28
	200
	
	231
	

	CuCl2
	Maize respiration
	Sandy loam Kovlinge II
	5.1
	3.8
	9
	8
	4.7
	28
	100
	
	108
	

	CuCl2
	Maize respiration
	Loamy sand Montpellier
	5.2
	1.2
	9
	5
	2.5
	28
	50
	
	55
	

	CuCl2
	Maize respiration
	Clay    Aluminosa
	5.4
	1.4
	51
	21
	22.6
	28
	400
	
	421
	

	CuCl2
	Maize respiration
	Sandy clay loam      Woburn
	6.4
	7.0
	21
	22
	23.4
	28
	150
	
	172
	

	CuCl2
	Maize respiration
	Silt loam        Ter Munck
	6.8
	1.6
	15
	22
	8.9
	28
	50
	
	72
	

	CuCl2
	Maize respiration
	Silty clay loam Vault de Lugny
	7.3
	2.3
	38
	21
	26.2
	28
	400
	
	421
	

	CuCl2
	Maize respiration
	clay Souli II
	7.4
	4.2
	46
	34
	36.3
	28
	600
	
	634
	

	CuCl2
	Maize respiration
	Silt loam Marknesse
	7.5
	2.0
	26
	18
	20.1
	28
	150
	
	168
	

	CuCl2
	Maize respiration
	Loam   Barcelona
	7.5
	2.4
	21
	88
	14.3
	28
	150
	
	238
	

	CuCl2
	Maize respiration
	Sandy clay  Hygum
	5.4
	3.3
	23
	21
	6.7
	28
	
	>804
	
	>825

	CuCl2
	Maize respiration
	Loamy sand Wageningen A
	4.3
	2.2
	9
	19
	1.2
	28
	51
	
	70
	

	CuCl2
	Maize respiration
	Loamy and Wageningen D
	5
	2.3
	9
	19
	1.9
	28
	83
	
	102
	

	CuCl2
	Maize respiration
	Sand      Woburn salt
	6.5
	0.2
	8
	13
	8.4
	28
	
	>200
	
	>213

	CuCl2
	Maize respiration
	Sand       Woburn cake
	6.5
	0.3
	8
	35
	11.6
	28
	100
	
	135
	

	
	
	
	
	
	
	
	
	
	University of Leuven, 2004 [20]


Estimated background copper concentrations and CEC** are indicated in italics.

a Added concentrations

** If the CEC was missing from a test with plants/invertebrates/micro-organisms, then it was estimated from % clay, pH and %organic matter using an experimentally derived regression model: CEC=(30+4.4 pH)*clay/100+(-34.66+29.72 pH)*OM/100; the clay is the % clay in the soil (Helling et al., 1964; regression based on CEC measured at various pH values on 60 different soils; CEC refers to the soil pH).
Footnote: toxicity of copper to terrestrial processes (microbe-mediated processes)

[1] Doelman and Haanstra (1989). Phosphatase activity. Statistics: ECx calculation from logistic dose-response curves. Test compound (CuCl2) added as a solid to sieved (< 2 mm) field moist soil samples. Test concentrations: 0, 55, 150, 400, 1000, 3000, 8000 mg/kg. Soil type: EU-soils; top soil (0-10 cm) samples of five different soil types were collected from several parts of the Netherlands. Soil characteristics of the five soil types: (a) sand; pHH2O 7; %OM 1.6; %clay 2; Cb 4 mg/kgdw; (b) sandy loam; pHH2O 6; %OM 5.7; %clay 9; Cb 6.5 mg/kgdw; (c) silty loam; pHH2O 7.7; %OM 2.4; %clay 19; Cb 22 mg/kgdw; (d) clay; pHH2O 7.5; %OM 3.2; %clay 60; Cb 52 mg/kgdw; (e) sandy peat; pHH2O 4.4; %OM 12.8; %clay 5; Cb 5.5 mg/kgdw. Phosphatase activity was measured after 6 weeks and 18 months. EC10 and EC50 values were given in the article. Only the EC10 values for the longest exposure time are given in the table. The EC10 for the sandy soil (8.3 mg/kg) is more than 3-fold extrapolated below the lowest tested concentration (55 mg/kg) and therefore rejected.

Endpoint: phosphatase activity (mmol p-NPP/ kg d.w./hour)

Exposure time: 18 months

Reliability: Enzymatic activities are considered as not relevant, NOEC data are therefore rejected 

[2] Doelman and Haanstra (1986). Urease activity. Statistics: ECx calculation from logistic dose-response curves. Test compound (CuCl2) added as a solid to sieved (< 2 mm) field moist soil samples. Test concentrations: 0, 55, 150, 400, 1000, 3000, 8000 mg/kg. Soil type: EU-soils; top soil (0-10 cm) samples of five different soil types were collected from several parts of the Netherlands. Soil characteristics of the five soil types: (a) sand; pHH2O 7; %OM 1.6; %clay 2; Cb 4 mg/kgdw; (b) sandy loam; pHH2O 6; %OM 5.7; %clay 9; Cb 6.5 mg/kgdw; (c) silty loam; pHH2O 7.7; %OM 2.4; %clay 19; Cb 22 mg/kgdw; (d) clay; pHH2O 7.5; %OM 3.2; %clay 60; Cb 52 mg/kgdw; (e) sandy peat; pHH2O 4.4; %OM 12.8; %clay 5; Cb 5.5 mg/kgdw. Urease activity was measured after 6 weeks and 18 months (72 weeks, 1.5 years). EC10 and EC50 values were given in the article. Only the EC10 values for the longest exposure time are given in table.

Endpoint: urease activity (mmol urea hydrolysed at 37°C/ kg d.w./hour)

Exposure time: 18 months

Reliability: Enzymatic activities are considered as not relevant, NOEC data are therefore rejected

[3] Doelman and Haanstra (1984). Respiration. Statistics: p = 0.05. Test compound (CuCl2) added as a solid to sieved (< 2 mm) field moist soil samples. Test concentrations: 0, 55, 150, 400, 1000, 3000, 8000 mg/kg. Soil type: EU-soils; top soil (0-10 cm) samples of five different soil types were collected from several parts of the Netherlands. Soil characteristics of the five soil types: (a) sand; pHH2O 7; %OM 1.6; %clay 2; Cb 4 mg/kgdw; (b) sandy loam; pHH2O 6; %OM 5.7; %clay 9; Cb 6.5 mg/kgdw; (c) silty loam; pHH2O 7.7; %OM 2.4; %clay 19; Cb 22 mg/kgdw; (d) clay; pHH2O 7.5; %OM 3.2; %clay 60; Cb 52 mg/kgdw; (e) sandy peat; pHH2O 4.4; %OM 12.8; %clay 5; Cb 5.5 mg/kgdw. Respiration was measured for a period of 6-10 weeks starting 2-7 days after addition of the heavy metal. After 18 months subsamples were measured under the same conditions. NOEC is highest tested concentration without significant inhibition (if statistics indicated) or unbounded NOEC values were observed.

Endpoint: respiration

Exposure: 43-90 weeks (i.e. 301-630 days)

Reliability: high quality NOEC data varied between 150 and 400 mg/kg (respiration)
[4] Haanstra and Doelman (1991). Arylsulphatase activity. Statistics: ECx calculation from logistic dose-response curves. Test compound (CuCl2) added as a solid to sieved (< 2 mm) field moist soil samples. Test concentrations: 0, 55, 150, 400, 1000, 3000, 8000 mg/kg. Soil type: EU-soils; top soil (0-10 cm) samples of five different soil types were collected from several parts of the Netherlands. Soil characteristics of the five soil types: (a) sand; pHH2O 7; %OM 1.6; %clay 2; Cb 4 mg/kgdw; (b) sandy loam; pHH2O 6; %OM 5.7; %clay 9; Cb 6.5 mg/kgdw; (c) silty loam; pHH2O 7.7; %OM 2.4; %clay 19; Cb 22 mg/kgdw; (d) clay; pHH2O 7.5; %OM 3.2; %clay 60; Cb 52 mg/kgdw; (e) sandy peat; pHH2O 4.4; %OM 12.8; %clay 5; Cb 5.5 mg/kgdw.  Arylsulphatase activity was measured after 6 weeks and 18 months. EC10 and EC50 values were given in the article. Only the EC10 values for the longest exposure time are given in the table. The EC10 for the sandy soil (6.4 mg/kg) is more than 3-fold extrapolated below the lowest tested concentration (55 mg/kg) and therefore rejected.

Endpoint: (a) arylsulphatase activity (mmol p-nitrophenol/kg d.w./h. Measured for two hours at 30°C)

Exposure time: 18 months

Reliability: Enzymatic activities are considered as not relevant, NOEC data are therefore rejected

[5] Quraishi and Cornfield (1973). N-mineralistation, nitrification. Statistics not reported. Soil type: alluvial sandy loam, %OC 2.0 (%OM 3.4), Cb = 33 mg/kg: (1) pHH2O 5.1; (2) pHH2O 5.9; (3) pHH2O 7.3 (increase in pH through addition of finely ground calcium carbonate, a 2-week incubation at room temperature, air-drying and sieving of the soil). Test compound (CuSO4) added as finely-ground solid. Test concentrations: 0, 100, 1000 mg/kg d.w. Incubation of soils at 50% of saturation and at 30°C. Some tests resulted in unbounded NOEC values and are therefore rejected (soil 3, N-mineralisation), NOEC is highest tested concentration with ≤10% inhibition (other soils, both endpoints).

Endpoint: (a) nitrification, (b) N-mineralisation

Exposure time: 21 days

Reliability: high quality NOEC data is 100 mg/kg (N-mineralisation & nitrification).

[6] Premi and Cornfield (1969). Ammonification, nitrification. Statistical analysis: least square differences (P<0.05). Test compound (CuSO4) added as finely ground solid. Test concentrations: 0, 100, 1000, 10000 mg/kg d.w. Soil type: alluvial sandy loam: pH 7.1, %OC 2.0 (%OM 3.4), %clay 17, Cb= 33 mg/kg. Soils were incubated for 3 weeks at 30°C. Determination of NH4+-N, NO2-N and NO3-N after extraction with 0.2 N NaEDTA. NOEC is the highest concentration showing no statistically significant inhibition compared to the control. 

Endpoint: (a) ammonification (aerobic), (b) nitrification, (c) ammonification (anaerobic)

Exposure period: 21 days

Reliability: high quality NOEC data are 1,000 mg/kg for ammonification and nitrification

[7] Haanstra and Doelman (1984). Glutamic acid decomposition. Statistics: t-test. Test compound (CuCl2) added as a solid to sieved (< 2 mm) field moist soil samples. Test concentrations: 0, 55, 400, 1000 mg/kg. Soil type: EU-soils; top soil (0-10 cm) samples of five different soil types were collected from several parts of the Netherlands. Soil characteristics of the five soil types: (a) sand; pHH2O 7; %OM 1.6; %clay 2; Cb 4 mg/kgdw; (c) silty loam; pHH2O 7.7; %OM 2.4; %clay 19; Cb 22 mg/kgdw; (d) clay; pHH2O 7.5; %OM 3.2; %clay 60; Cb 52 mg/kgdw; (e) sandy peat; pHH2O 4.4; %OM 12.8; %clay 5; Cb 5.5 mg/kgdw. Glutamic acid decomposition time was measured 18 months after addition of Cu. The glutamic decomposition time was determined by mixing 15 g soil with glutamic acid (2000 mg/kg) and measuring the CO2 produced. Soil (a) resulted in an unbounded NOEC value and is therefore rejected; other soils: NOEC is the highest concentration showing no statistically significant inhibition (t-test, P<0.05) compared to the control.  

Endpoint: glutamic acid decomposition time (h)

Exposure time: 18 months

Reliability: high quality NOEC data varied between 55 and 400 mg/kg (glutamic acid decomposition).

[8] Hemida et al. (1997). Enzymatic activities. Statistical analysis: one-way ANOVA, Duncan's multiple range test. Test compound (CuSO4) added in aqueous solution. Test concentrations: 0, 200, 2000 mg/kg. Soil type (non EU-soils): (1) clay soil: pHH2O 7.5, %clay 17.7; (2) sandy soil: pHH2O 7.4, %clay 2.2. Incubation of soils  for 1, 4 and 12 weeks at 28°C. NOEC is the highest concentration showing no statistically significant inhibition compared to the control.

Endpoint: (a) amidase activity (µg NH4+-N/g soil/h), (b) urease activity (µg NH4+-N/g soil/h), (c) nitrate reductase activity (µg NO2--N/g soil/h). 

Exposure time: 84 days

Reliability: Enzymatic activities are considered as not relevant, NOEC data are therefore rejected

(9( Chang and Broadbent (1982). N-mineralisation. No statistics reported. Test compound (CuSO4) added in aqueous solution to bring the soil to 60% of WHC. Test concentrations: 0, 100, 200, 400 mg Cu/kg d.w. Soil type: non-EU soil (Yolo silt loam; typic Xerorthent) assumed to be collected in Californa, U.S. (based on the location of the research institute), pH 6.9, %OC 1.31 (%OM 2.2). Soil background copper level: 7.05 mg/kg d.w. The soil was amended with 1% dry digested sewage sludge (copper level 256 mg/kg d.w.) and 1% ground alfalfa, (on dry weight basis). Cb: Cu(Cb in soil) 7.05 µg/g, Cu(Cb in sludge) 256 µg/g, e.g. total Cu background = 9.4 µg/g. N-mineralisation parameters: organic-N, inorganic-N and nitrate-N, measured after 2, 4, 8 and 12 weeks of aerobic incubation at 25°C. More than 10% effect at lowest concentration tested, resulted in an unbouded NOEC value.

Endpoint: nitrate concentration after 12 weeks (N-mineralisation)

Exposure time: 12 weeks

Reliability: no high quality NOEC value, as NOEC is unbounded.

[10] Chang and Broadbent (1981). Respiration. No statistics reported. Test compound: CuSO4 added in solution.  Added test concentrations: 0, 50-100-200-300-400 mg Cu/kg. Soil type: non-EU soil (Yolo silt loam; typic Xerorthent) assumed to be collected in Californa, U.S. (based on the location of the research institute), %OC 1.31 (%OM 2.2). Soil background copper level: 7.05 mg/kg d.w. The soil was amended with 1% dry digested sewage sludge (copper level 256 mg/kg d.w.) and 1% ground alfalfa, (on dry weight basis). Cb: Cu(Cb in soil) 7.05 µg/g, Cu(Cb in sludge) 256 µg/g, e.g. total Cu background = 9.4 µg/g. Samples were incubation at 25°C. Respiration parameter: CO2 production measured 7 times during the experimental period. More than 10% effect at lowest concentration tested, resulted in an unbouded NOEC value.

Endpoint: CO2 production after 3 months

Exposure time: 90 days

Reliability: no high quality NOEC or EC10 value, as NOEC or EC10 is unbounded.

[11] Arshad and Frankenberger (1991). Ethylene production. Statistical analysis: least significant difference. No indication of how the test compound (CuSO4) was added, but after addition the soil was incubated as a suspension. Test concentrations: 0, 0.5, 1.0, 10, 100, 250 mg/kg. Soil type (non-EU soil): Hanford soil: pH7.15, %OC 4.8 (%OM 8.16), %clay 18. Soils were incubated at 30°C for 7 days. Ethylene concentrations were determined by GC analysis. NOEC is the highest tested concentration showing no statistically significant inhibition compared to the control.  

Endpoint: ethylene production (in nmol C2H4/kg soil). 

Exposure time: 7 days

Reliability: Ethylene production is considered as not relevant, NOEC data are therefore rejected

[12] Beck (1981). Microbial biomass. Statistical analysis: t-test. Test compound (CuSO4) added in solution. Test concentrations: 0, 100, 330 mg/kg. Soil types (EU-soils): (1)Lösslehm, pH 6.1, %OC 1.56 (%OM 2.7), Cb=50; (2) Auengleye, pH 7.5, %OC 2.91 (%OM 4.9), Cb= 80; (3) Aueboden, pH 7.2, %OC 1.95 (%OM 3.3), Cb= 50. Analysis of microbial biomass after 30 days incubation. NOEC is the highest tested concentration showing no statistically significant inhibition compared to the control.  

Endpoint: microbial biomass

Exposure time: 30 days

Reliability: high quality NOEC value of 100 mg/kg is noticed.

No bioavailability correction possible as clay content is not given.

[13] Khan and Scullion (2002). Microbial biomass, respiration and N-mineralisation. Statistical analysis with STATGRAPHICS. Test compound: Cu-salt added to sludge. Test concentrations: 35-150-300-500-800 mg Cu/kg; 5 replicates. Soil type: Denbigh (UK) (andic dystrochept), 4-mm sieved, pH (H2O) 6.3, %OM 10.1, CEC. 61.4 cmol/kg, soil background copper level: 32 mg Cu/kg d.w. Cu, Cb in sludge 75 mg/kg. The soil was amended with unamended sewage sludge (control) and spiked sludge. Samples were incubation at 22°C. Respiration parameter: CO2 production measured at intervals throughout the experimental period; N-mineralisation: mineral N was measured at week 3 and 7, Microbial biomass: biomass C and N were measured at week 3 and 7. More than 10% effect at lowest concentration tested, resulted in an unbouded NOEC value.

Endpoint: Microbial biomass, respiration and N-mineralisation after 7 weeks

Exposure time: 49 days

Reliability: no high quality NOEC value for respiration, as NOEC is unbounded, high quality NOEC of 150 and 500 mg/kg for microbial biomass-C and –N respectively and of 300 mg Cu/kg for N-mineralisation. 

[14] Bollag and Barabasz (1979). Denitrification. No statistics reported. Test compound (Cu(NO3)2) added in solution.  Test concentrations: 0, 10, 25, 50, 100 and 250 mg/kg d.w. Soil type (non-EU soil): Hagerstown silt loam: pH 6.75, %OC 1.8 (%OM 3.1), %clay 28.1. Nitrate-N and NO2-N were determined in the soil after extraction with distilled water 7, 14 and 21 days after incubation. NOEC is highest concentration with ≤10% inhibition of denitrification.

Endpoint: denitrification

Exposure time: 21 days

Reliability: high quality NOEC value of 100 mg/kg was retained (endpoint denitrification)

[15] Frostegård et al. (1993). ATP content, respiration. Statistical analysis: EC10 and EC50 were calculated from the slope of the decreasing linear part of the dose-response curve. Test compound (CuSO4) added in solution. Test concentrations: 0-8128 mg Cu/kg d.w. (forest soil) and 0-4064 mg/kg d.w. (arable soil). Soil type: (a) forest soil: pH 4.5, %OM 80; (b) arable soil (sandy loam): pH 7.8, %OM 4.4. ATP-content was measured after digestion of extracted lipids with persulfate. Respiration was measured by GC at 20°C. NOEC is EC10 calculated in the article.

Endpoint: (1) ATP content; (2) respiration

Exposure period: 6 months (182 days)

Reliability: high quality NOEC value of 763 mg/kg was retained for respiration, and between 197 and 337 mg/kg for ATP content (microbial biomass).

No bioavailability correction possible as clay content and CEC is not given or can not be derived.

[16] Maliszewska et al. (1985). Dehydrogenase activity. No statistics reported. No indication of how the test compound (CuSO4) was added, but indication of mixing with the soil. Test concentrations: 0, 10, 50, 100, 500, 1000, 5000, 10000 mg Cu/kg d.w. Soil type: (a) sandy soil: pHH2O 6.9, %OC 1.79 (%OM 3.0), Cb=0.9 mg/kg; (b) alluvial soil: pHH2O 7.1, %OC 1.1 (%OM 1.9), Cb=3 mg/kg. Dehydrogenase activity was estimated by Stevenson’s method (Stevenson, 1959). NOEC is the highest tested concentration with ≤10% inhibition.

Endpoint: dehydrogenase activity

Exposure time: 6 months (182 days) 

Reliability:
(a) sandy soil: LOEC is 10 mg Cu/kg, 32% effect at lowest dose . A log-logistic curve was fitted to the data and ED10 (mg added Cu) is 2 mg Cu/kg with 95% confidence limits of 0.7-9.2 mg Cu/kg

(b) NOEC is 10 mg Cu/kg and LOEC is 50 mg Cu/kg, 39% effect. A log-logistic curve was fitted to the data and ED10 (mg added Cu) is 10 (0.8-9.2) mg Cu/kg with 95% confidence limits of 0.8-137 mg Cu/kg.

Both NOEC/ED10 values are rejected because (i) the dehydrogenase assay with Cu in soil was shown to be flawed due to interaction between Cu and the red coloured reaction product (the reduced form of the tetrazolium electron acceptor), yielding lower apparent reaction products at increasing Cu without true effects on dehydrogenase (Chander and Brookes, 1991). (ii) the uncertainty of the ED10 in the sandy soil is large because the %inhibition at first dose exceeds 30%; (iii) the background concentration was measured with a weak extraction technique, (iv) dehydrogenase activity –an enzymatic endpoint- is an indicator of soil microbial activity and data are available for a similar indicator of soil microbial activity, i.e. the glucose respiration test, a functional endpoint, (see Table above.)  i.e. this endpoint is already covered.

[17] Saviozzi et al. (1997). Respiration. No statistics reported. Test compound (CuCl2) added in solution. Test concentrations: 0, 50, 100, 250, 500, 1000 mg/kg. Soil type: sandy loam: pH 5.2, %OC 1.4 (%OM 2.4), %clay 8. The soil was incubated with 1% soybean straw for 28 days at 22°C. More than 10% inhibition at lowest concentration tested, resulted in an unbouned NOEC value.

Endpoint: respiration

Exposure time: 28 days

Reliability: no high quality NOEC value, because of unbounded result.

[18] Skujins et al. (1986). Respiration, urease activity. No statistics reported. No indication of how the test compound (CuCl2) was added. Test concentrations: 0, 50, 200, 500, 1000 mg/kg. Soil type (EU soil): forest soil (Fraxinus excelsior-Ulmus glabra forest): sandy clay loam: pH 7.0. Soils were incubated for 20 days at 20°C. Soil respiration (CO2 analysis) was determined by GC after 20 h incubation at 15°C. Urease activity was determined after incubation of the soil with 10 mg urea. NOEC is the highest tested concentration with ≤10% inhibition.

Endpoint: (a) respiration, (b) urease activity.

Exposure time: 20 days

Reliability: high quality NOEC value of 50 mg/kg is retained (respiration); NOEC values for urease activity are rejected (enzymatic process).

No bioavailability correction possible as OM content is not given.

[19] Speir et al. (1999). Enzymatic activities. No statistics reported. Test compound (Cu(NO3)2) added in solution.  Test concentrations: 0, 635, 1270, 2540, 3810, 5080, 6350 mg/kg. Soil type (non-EU soil): (a) loam, pH 6.1, %OC 12 (%OM 20.4), %clay 32; (b) silt loam, pH 6.3, %OC 8.1 (%OM 13.8), %clay 2.5; (c) loamy sand, pH 5.8, %OC 4.6 (%OM 7.8), %clay 3.0. The pH of the soils decreased with increasing metal addition to (a) 4.4, (b) 4.5 and (c) 3.7. Incubation of soils for 7 days at 15-22°C. NOEC is the highest tested concentration with ≤10% inhibition, or if more than 10% inhibition at lowest concentration tested the results are unbounded and therefore rejected.

Endpoint: phosphatase activity, sulphatase activity and substrate induced respiration.

Exposure time: 7 days

Reliability: High quality NOEC data for respiration is 635 mg/kg. Enzymatic activities (phosphatase activity, sulphatase activity) are considered as not relevant, NOEC data are therefore rejected

[20] University of Leuven- (this research is part of the ICA/ECI research project on the ‘development of a predictive model of bioavailbility and toxicity of copper in soils’).
Nitrification: 7 days after metal spiking, duplicate 100 g subsamples of each Cu concentration of each soil were amended with 100 mg NH4-N kg-1 fresh soil using a stock solution containing 47 mg (NH4)2SO4 ml-1. The Potential Nitrification Rate (PNR, mg NO3-N kg-1 fresh soil day-1) was calculated from the linear increase in soil NO3-N in the period after substrate addition (up to 28 days in acid soils). The soil nitrate was measured colorimetrically in a centrifuged soil extract (1M KCl, 10g subsample, L/S = 2.5, 2 h end-over-end shaking, n = 2). The PNR was calculated as the slope of the regression of soil nitrate concentration against time. This test is most sensitive to Cu in the initial period after NH4+ addition, i.e. as long as the substrate is still abundantly present. The nitrification rate typically increases with increasing soil pH. Therefore, the test duration must be restricted at high pH whereas the test must be long enough in acid soils to identify a significant increase in soil NO3-. The incubation time was therefore varied between soils, i.e. between 4 and 28 days.

Glucose respiration: 7 days after metal spiking, duplicate 40 g subsamples of each Cu concentration from each soil were placed in separate 200 ml glass jars. Soils were then amended with 1 ml of 14-C labelled glucose solution (40 mg ml-1 glucose, specific activity = 0.925 KBq mg-1 glucose-C) and mixed thoroughly. Each glass jar was immediately placed and sealed inside a 1.5 l preserving pot containing 20 ml 1.0 M NaOH. Each sample was then incubated in the dark at 20°C for 24 hours, after which 1 ml of the NaOH was removed and added to 10 ml scintillation cocktail (XT Gold) for activity determination by beta counting. The percent of added glucose-C respired was calculated from sample radioactivities, and the data used to derive Cu dose-response curves based on soil (mg Cu kg-1) concentrations. 

Maize respiration: 7 days after metal spiking, duplicate 40 g subsamples of each Cu concentration (of each soil) were placed in separate 200 ml glass jars.  To each 40 g subsample, 40 mg of ground, 14C labelled maize root material was added and mixed thoroughly. This plant material was derived from soil grown maize plants continuously exposed to a 14CO2 labelled atmosphere that ensured homogeneous labelling of the plant carbon.  The carbon content of the maize root substrate was determined as 22% with a specific activity of 3.424 MBq g-1 C.  A scintilation vial containing 15 ml 1.0 M NaOH was secured to each glass jar with parafilm, and the bound vessels were then placed inside 1.5 l preserving pots containing 15 ml water. The preserving pots were sealed (air-tight) and incubated in the dark at 20°C for 28 days. Upon completion of the incubation period NaOH traps were removed and 1.0 ml subsamples were taken and added to 10 ml scintilation cocktail (XT Gold), with the solutions then shaken and activity determined by beta counting. The percent of added plant-C respired was determined, and Cu dose response curves were derived based on soil (mg Cu kg-1) concentrations.

Endpoint: nitrification and respiration (glucose and maize).

Exposure time: between 4 and 28 days (nitrification); 1 days (glucose respiration); 28 days (maize respiration)

Reliability: high quality NOEC values varied between 12 and 1,200 mg/kg for substrate induced respiration, between 25 and 1,200 mg/kg for nitrification and between 50 and 2,400 mg/kg for maize respiration.

3.2.5.3  Bioavailability models to correct for soil type 

Despite the importance of incorporating metal bioavailability in the risk assessment framework, only few studies have examined the influence of soil parameters on the ecotoxicity of copper to terrestrial organisms. 

3.2.5.3.1 Invertebrates and higher plants

Jäggy and Streit (1982) observed a positive correlation between the LC50 values for the earthworm Octalasium cyaneum exposed to copper and the organic carbon content of the soil, while no correlations with pH were noted. Korthals et al. (1996) studied the nematode density after 10 years exposure to copper under field conditions and reported that the number of nematodes significantly decreased in soils with 134 and 151 mg Cu/kg soil adjusted to pH 3.9 and 4.3, respectively. No significant effects were observed in soils with 160 and 168 mg Cu/ kg adjusted to pH 4.9 and 5.9, respectively. Sandifer and Hopkin (1996) could not demonstrate any relationship between pH and toxicity of copper to the collembole Folsomia candida. None of these studies, however, allow quantifying the influence of the soil parameters affecting bioavailability on the ecotoxicity of copper to soil invertebrates. In their review on the influence of soil characteristics on the toxicity of metals to soil invertebrates, Van Gestel et al. (1995) concluded that pH, cation exchange capacity, clay and soil organic matter content are important parameters affecting the bioavailability of metals in soil. They also noted that for each metal a different combination of soil parameters seemed to govern metal’s bioavailability. 

Lock and Janssen (2001) investigated the influence of soil characteristics on the ecotoxicity of copper to the enchytraeid Enchytraeus albidus. The results of their experiments revealed that the toxicity of copper to E. albidus varied by more than two orders of magnitude when varying different abiotic parameters of the soil (pH, clay content, organic matter, iron oxides, soil moisture, potassium and magnesium content). In addition, they found that the ecotoxicity of copper was mainly determined by pH and organic matter content (or CEC which is correlated with the organic matter content) and that these parameters were the only ones which had a significant effect on the toxicity towards E. albidus. Lowering the organic matter content from 8.5 to 1.5% at the fixed pH of 4.4 increased the toxicity (expressed as 14d LC50) for copper to E. albidus from 403 to 134 mg/kg. The same increase in toxicity was observed at the higher pH of 6.6. Testing the effect of pH on the toxicity of copper towards E. albidus revealed that increasing the pH from 4 to 7 increased the 14d LC50 from 169 to 530 mg Cu/kg.

Ma (1984) studies the effect of pH on the earthworm Lumbriculus rubellus. Adjustment of pH from 4.8 to 7.1 did not have any (positive) effect on the earthworms in unamended soils. In Cu amended soils however, neutralisation of pH did show a favourable influence with regard to Cu toxicity. The effect of Cu on reproduction, litter breakdown and growth was attenuated at pH 6.0 and 7.0 compared to the lower pH of 4.8.

In the ICA/ECI research project (2005), 19 uncontaminated topsoils, covering a wide range in soil properties expected to affect bioavailability and toxicity of Cu, were collected throughout Europe, spiked with copper salts and tested towards higher plants. The ICA/ECI research project (2005) shows that toxicity thresholds varied widely among soils, with EC50 ranging from 16 to 252 mg/kg and from 19 to 660 mg/kg for barley root elongation and tomato shoot growth, respectively, representing ranges between soils of 15- and 39-fold. Exchangeable soil Ca was found to be the best predictor of EC50 for Cu, and there was also a strong correlation with soil CEC. Multiple regression analysis showed that inclusion of other soil properties, such as Fe oxide content, organic matter content or pH, further improved the prediction of EC50.

Similarly for the invertebrates tested in the ICA/ECI research project (2005), it was clearly demonstrated that the large variation in toxicity thresholds for both E. fetida and F. candida among soils tested in this study was due to the influence of soil characteristics on the bioavailability of copper for these invertebrates. Single linear regressions were used to investigate the relationship between toxicity thresholds and soil parameters (pH, % organic carbon, clay content, FeOx, MnOx, AlOx and cation exchange capacity). Single linear regression analysis revealed that cation exchange capacity (CEC at soil pH) is the soil parameter best correlating with all toxicity thresholds for both E. fetida and F. candida.

Multiple regressions did not improve the correlation for E. fetida, but adding MnOx improved the regression for F candida.

The quality or availability of the food item added to the soil in tests with invertebrates seems also to affect the outcome of the toxicity tests (Augustsson and Rundgren, 1998). The EC10 values for Cognettia sphagnetorum are 3- to 22-fold higher when the worm was fed with Pleurococcus species instead of the fungus Mortierella isabellina. Though fungal spores and hyphae are found in the guts of C. sphagnetorum and though the worm performs well when fed with M. isabellina, other food items such as Pleurococcus and baker’s yeast result in higher growth and reproduction, and in a lower sensitivity to Cu toxicity.

3.2.5.3.2 Microbial processes

Similarly to the terrestrial invertebrates, several abiotic factors seem to affect the bioavailability and toxicity of copper to the soil microflora. Haanstra and Doelman (1984) studied the effect of copper on the mean glutamic acid decomposition times in different soils. The sensitivity of the endpoint seemed to be correlated with the CEC. Soils with high CEC (organic and clay soils) were less affected than soils with low CEC (sandy soils). Retardation of glutamic acid decomposition was found at <55 mg/kg Cu in sandy soils with a CEC varying between 1 and 2 meq/100g, at 55 mg/kg in silty loam and clay with a CEC varying between 16 and 30 meq/100g, and at 400 mg/kg in sandy peat with a CEC between 50 and 55 meq/100g. 

Lighthart et al. (1983) investigated the effect of copper on microbial respiration in different soils. Again, the lowest effect of copper on microbial respiration was observed in the soil containing the highest organic matter content.

Also other abiotic factors may influence toxicity of copper towards microbial processes. The Fe content of the soil has been found to be the main abiotic factor affecting negatively (p<0.01) the toxicity of Cu towards microbial respiration (Doelman and Haanstra, 1984). Soil pH seemed also to be an important factor affecting copper toxicity to microbial processes. By raising the pH from 5.1 to 7.3 in a sandy loam soil low in organic matter content, the total inhibition of N-mineralisation by addition of 1000 µg/kg Cu was decreased. For nitrification there was no negative effect at all the higher pHs (Quraishi and Cornfield, 1973).
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Nr Place Soil type Land use Textural Sand Silt Clay pH  Tot C  Org C   Background Cu 

(%) (%) (%) g C kg-1 g C kg-1  

mg kg-1

1

Gudow Haplic Podzol Forest Loamy sand 83 10 7 3 51,2 51,2 2

2

Nottingham Eutric Cambisol Woodland Sandy loam 64 23 13 3,4 52 52 17

3

Houthalen Haplic Podzol Heath land  Loamy sand 86 9 5 3,4 18,6 18,6 2

4

Rhydtalog Histosol Grassland  Loamy sand 51 36 13 4,2 129,4 129,4 14

5

Zegveld Histosol Grassland Sandy clay loam 48 28 24 4,7 233,2 233,2 70

7

Kövlinge Dystric Regosol Arable land Loamy sand 83 10 7 4,8 16,3 16,3 6

8

Souli Chromic Luvisol Arable land Sandy clay   48 14 38 4,8 4,1 4,1 31

9

Kövlinge Dystric Regosol Arable land Sandy loam 77 14 9 5,1 23,5 23,5 8

10

Montpellier Chromic Cambisol Woodland Loamy sand 87 4 9 5,2 7,6 7,6 5

12

Aluminusa Vertic Cambisol Woodland Clay 27 22 51 5,4 8,7 8,7 21

14

Woburn Dystric Cambisol Grassland Sandy clay loam 60 19 21 6,4 44 44 22

15

Leuven Haplic Luvisol Arable land Silt loam 14 71 15 6,8 9,8 9,8 22

16

Vault de Lugny Stagnic Luvisol Arable land  Silty clay loam 13 49 38 7,3 21,9 14,7 21

17

Rots Haplic Luvisol Arable land Silty clay loam 19 54 27 7,4 30,4 12,6 14

18

Souli Rendzic Leptosol Woodland  Clay 19 35 46 7,4 83 26,1 34

19

Marknesse Calcaric Fluvisol Arable land Silt loam 11 63 26 7,5 24,7 12,7 18

20

Barcelona Calcic Luvisol Arable land Loam  46 33 21 7,5 23,4 14,8 88

21

Brécy Calcaric Cambisol Arable land Clay 15 35 50 7,5 36,3 15,1 31

22 Guadelajara Calcic Cambisol Olive orchard Loam 44 31 25 7,5 47,7 3,8 7

Similarly to the higher plants/invertebrates testing 19 uncontaminated topsoils, covering a wide range in soil properties expected to affect bioavailability and toxicity of Cu, were collected throughout Europe, spiked and tested towards microbial functions (ICA/ECI research project, 2005). Soils were spiked in the laboratory with CuCl2 and toxicity assays started 7 days after spiking. The three microbial assays tested in this project varied largely in their sensitivity. The nitrification assay clearly was most sensitive to Cu toxicity, but also to soil properties, especially soil pH as shown in Figure 3‑2. This large sensitivity resulted in a large variation in control response among soils and treatments. In contrast, maize residue mineralisation assay is much more robust, but shows a limited sensitivity to Cu toxicity. No microbial assay was available which is both very sensitive to metal toxicity and robust to variation in other soil properties (pH, texture, organic matter,…). Laboratory-spiked soils showed a large range in Cu toxicity threshold values: NOEC values ranged from 12 to 2400 mg added Cu /kg. This variation among soils was much larger than the variation among the three tests. Soil solution copper concentration did not explain the observed variation in total soil Cu toxicity thresholds as for all three assays, the variation in soil solution Cu based toxicity thresholds was even larger. Single linear regression analysis between threshold values and soil properties did not reveal a general trend for the three assays. Cation exchange capacity, silt content and background Cu concentration explain most variation for the nitrification assay, while total N and organic carbon content are the best predictors for the glucose induced respiration. The best predictor for the maize residue mineralisation assays is pH. The soil pH was either positively (nitrification assay), negatively (maize residue mineralisation) or not (glucose induced respiration) correlated with the Cu toxicity thresholds. Soil solution Cu based toxicity thresholds show for all three tests a consistent negative correlation with pH, illustrating the importance of pH for binding or uptake of Cu on the biotic membrane.

Figure 3‑2    PNR: pH-dependency for non-spiked soils

3.2.5.3.3 Bioavailability models 
In the aforementioned research activities an extensive testing programme over a wide range of EU-relevant soils was set up to check the relationship between soil physico-chemistry and copper toxicity on a) microbial function (both nitrification (PNR), substrate induced respiration (SIR) and maize respiration (MR)), b) higher plants (using the tomato Lycopersicon esculentum and barley Hordeum vulgare) and c) hard-bodied (using the collembole Folsomia candida) and soft-bodied (using the worm Eisenia fetida) invertebrates. 

Nineteen uncontaminated topsoils were collected throughout Europe (Table 3‑4). These uncontaminated soils have contrasting properties, characteristics and features:

· pH 3.0-7.5, 0.4-23% organic carbon, 5-51% clay content, Cu-background 2-88 mg/kg),
· Geographical coverage: 9 EU member countries (Belgium, France, Germany, Greece, Italy, Spain, Sweden, The Netherlands, United Kingdom),

· Soil type diversity: 7 major soil groupings (Cambisol, Fluvisol, Histosol, Leptosol, Luvisol, Podzol, Regosol),

Land use range: 9 arable soils, 10 non-arable (pasture/woodland/orchard) soils.

Table 3‑4  Properties of the control soils sampled in the ICA/ECI research project
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These soils were spiked in the laboratory with CuCl2 and toxicity tests started within 7 days after spiking. The 7 different toxicity tests were performed in 19 spiked soils yielding 34, 19 and 49 significant dose-response relationships for respectively higher plants, invertebrates and microbial processes. The no observed effect dose (added NOEC values) of each test varied between 12-1,200 mg Cu/kg for SIR, 12-1,200 mg Cu/kg for PNR, 50-2,400 mg Cu/kg for MR, 27.9-1,390 mg Cu/kg for F. candida, 48.2-303 mg Cu/kg for E. fetida, 16-252 mg Cu/kg for H. vulgare and 19-660 mg Cu/kg for L. esculentum. The range in NOEC values was quite large among soils, confirming that soil properties have a major role in the Cu toxicity. 

Single linear and multivariate regressions between soil toxicity thresholds and various soil properties were analysed. The key soil properties that were identified to govern copper toxicity in soils are the CEC
 for plants (and FeOx) and invertebrates, CEC for nitrifiying micro-organisms (and FeOx), pH for maize respiration (and CEC) and OC for substrate induced respiration (and clay). An overview of all significant regression models (with slopes based on EC50 values
) is given in section 3.2.5.3.3 (only the single linear regressions) and Table 3‑5 (for both the single linear and multiple regression models).

The Cu thresholds seemed to be mainly explained by CEC (for plants, invertebrates and nitrifying organisms), OC (for substrate induced respiration) and pH (for maize respiration). Linear regression models with these properties explain between 52-76% of the variability of the EC50 for the terrestrial organisms. Multiple linear regression models -using stepwise addition- were developed for invertebrates, higher plants and microbial processes. These models show that incorporation of an additional parameter resulted in a substantial improvement of the model predictions, i.e. between 70 and 89% of the variability of the EC50 for the terrestrial organisms (Table 3‑5). 

The data in Table 3‑5 further indicate that the regression slopes for EC10 and EC50 are very similar.

Figure 3‑3     Single linear regressions of Cu toxicity threshold values (as total EC50 (mg Cu/kg) for microbial processes, higher plants and invertebrates) and soil parameters driving the bioavailability
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	Table 3‑5  Overview of all significant regression models relating the toxicity of copper to abiotic factors in soil (total risk approach).
	Selected models are underlined.


	
	Dependent variable
	Abiotic factor
	Slope
	R²
	Confidence interval (95%)

	Invertebrates

	Eisenia fetida – reproduction (n=14)

Folsomia candida – reproduction (n=18)
	EC50
EC10
EC50
EC10
EC50
EC10
	CEC

CEC

CEC and MnOx


	0.58

0.60

0.96

1.16

0.62(CEC) and 0.23(MnOx)

0.72                   0.3
	0.75

0.61

0.70
	0.19

0.26

0.39

0.56

0.45 and 0.19

0.65        0.28

	Plants

	Hordeum vulgare – root elongation (n=18)

Lycopersicon esculentum – growth (n=17)
	EC50
EC10
EC50
EC10
EC50
EC10
EC50
EC10
	CEC

CEC and FeOx

CEC

CEC and FeOx
	0.69

0.55

0.56 (CEC) and 0.26 (FeOx)

0.4                      0.3

0.96

0.99

0.87 (CEC) and 0.20 (FeOx)

0.84                    0.36
	0.65

0.77

0.75

0.89


	0.26

0.30

0.24 (CEC) and 0.17 (FeOx)

0.26                    0.19

0.30

0.39

0.30 (CEC) and 0.24 (FeOx)

0.34                    0.26

	Microbial functions

	Nitrification (n=17)

Substrate induced respiration (n=18)

Maize induced respiration 
(n=10)
	EC50
EC10
EC50
EC10
EC50
EC10
EC50
EC10
EC20
EC10
EC20
EC10
	CEC

CEC and FeOx

OC

OC and clay

H+

H+ and CEC
	1.06

1.09

0.89 (CEC) and 0.36 (FeOx)

0.87                    0.43

0.66

0.84

0.73 (OC) and 0.6 (clay)
0.92                  0.66

-0.26

-0.29

-0.34 (pH) and 0.72 (CEC)

-0.41                 0.93
	0.66

0.80

0.57

0.77

0.52

0.71
	0.43

0.56

0.37 (CEC) and 0.26 (FeOx)

0.50                    0.34

0.30

0.48

0.24 (CEC) and 0.37 (clay)

0.43                    0.65

0.15

0.19

0.13 (pH) and 0.54 (CEC)

0.19                0.83


The predicted EC50 (or EC20 values for the maize respiration), based on the best correlation between EC50 thresholds and soil properties, are compared with the corresponding measured values in Figure 3‑4, Figure 3‑5 and Figure 3‑6. Based on these equations, most predictions for chronic copper toxicity towards terrestrial organisms can be found within a factor of two for the barley root elongation, the tomato growth, nitrification, glucose respiration and E. fetida reproduction. Somewhat lower predictability is observed for maize respiration and for F. candida reproduction - 2 less sensitive endpoints -, i.e. within a factor of 3- from the observed value.

External validation of the regression models was performed using the toxicity data from the transect field soils (i.e. using the Hygum, Wageningen A, Wageningen D and Woburn SC soils). All validation points are presented in Figure 3‑4, Figure 3‑5 and Figure 3‑6 as unfilled circles or red triangles. In conclusion, the results for the spiked control soils from the five transects used as a validation dataset generally agree with the results for the 19 spiked soils.
Figure 3‑4  Prediction of EC50 (EC20 for maize respiration) thresholds (based on total soil Cu concentrations; mg/kg) derived from microbial testing on spiked soils using soil CEC for nitrification, OC for substrate induced respiration and pH for maize respiration. 
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Toxicity thresholds obtained independently from the freshly-amended field soils are displayed (transect soils; unfilled circles), where available, for validation purposes. The dotted lines represent a factor of 2 difference from the solid 1:1 line.

Figure 3‑5  Prediction of EC50 thresholds (based on total soil Cu concentrations; mg/kg) derived from invertebrate testing on spiked soils using soil CEC for both E. fetida and F. candida. 
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Toxicity thresholds obtained independently from the freshly-amended field soils are displayed (transect soils; red triangles), where available, for validation purposes. The dotted lines represent a factor of 2 difference (for E. fetida) and 3 difference (for F. candida) from the solid 1:1 line.

Figure 3‑6  Prediction of EC50 thresholds (based on total soil Cu concentrations; mg/kg) derived from higher plants on spiked soils using soil CEC and Fe oxide for both H. vulgare and L. esculentum. 
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Toxicity thresholds obtained independently from the freshly-amended field soils (transect soils; unfilled symbols) are displayed, where available, for validation purposes. The dotted lines represent a factor of 2 difference from the solid 1:1 line.

The NOEC values of the existing database of the Cu RAR were supplemented will all new NOEC values derived in the research programme. For the higher plants and nitrification, as FeOx is never reported nor measured, it was decided to use the results from the single regression models. Similarly for the tests with the collemboles F. candida, as MnOx is never reported nor measured, it was decided to use the results from the single regression models. For the substrate and maize induced respiration tests the results from the bivariate regression models were used for normalisation purposes. Within the trophic level of the higher plants, all individual NOEC values compiled for plants other than tomato (L. esculentum) were normalised using the regression model with the smallest CEC slope (i.e. 0.69)
. 

Invertebrates were grouped according to their potential exposure routes to metals. In case of soil organisms, the routes of uptake are restricted to uptake through the skin, through the gut wall, or to a combination of both. Hard bodied organisms like isopods and springtails (Arthropods) are mostly exposed via direct uptake of soil particles and subsequent transport of the metal through the gut wall, in contrast to soft bodied organisms like earthworms that are predominantly exposed via their dermis. As metal uptake is related to potential adverse effects, two groups of soil organisms were distinguished: soft bodied organisms and hard bodied organisms. In view of the findings of Saxe et al (2001) and Vijver et al. (2001; 2003), the springtail F. candida and the earthworm E. andrei were considered as being representative for each group of soil organisms. Therefore, for the invertebrates the CEC slope of the E. fetida regression model (i.e. 0.58) was used to normalise all other species characterised with a soft body (i.e. the species C. sphagnetorum, E. andrei, L. rubellus, and P. acuminatus), while the CEC slope of the F.candida regression model (i.e. 0.96) was used to normalise all other species characterised with a hard body (i.e. the species F. fimetaria, H. aculeifer, I. viridis, and P. peltifer).

For the microbial processes, all NOEC values related to the N-cycle (i.e. N-mineralisation, nitrification, denitrifcation and ammonification) were normalised based on the CEC slope of the nitrifying micro-organisms (i.e. 1.06). The slopes obtained from the maize respiration model (i.e. -0.34 (pH) and 0.72 (CEC)) were used for normalisation of all microbial processes using a natural substrate. All other microbial processes were normalised based on the regression slopes from the substrate induced respiration tests (i.e. 0.73 (OC) and 0.60 (clay)).

Prior to the integration of the regression models into the risk assessment, the uncertainty related to the application of the bioavailability models across species was assessed based on the gathered database. Normalisation of the NOEC data implies the understanding of the NOEC-variability within each species and therefore the reduction in the intra-species variability. 
Further a sensitivity analysis was made in section Sensitivity analysis comparing the effect on the HC5 of applying the slope from E. fetida on all invertebrates or using the slope from F. candida on all invertebrates with the approach of applying the specific slope for hard-bodied organisms to hard-bodied invertebrates and the slope for soft-bodied organisms to soft-bodied organisms. A similar sensitivity analysis was made for plants where the effect was investigated on the HC5 of applying only the regression model with the smallest CEC slope (i.e. 0.69). 
3.2.5.3.4 Cross-species extrapolation approach

The general approach for cross-species normalization is outlined hereunder. Normalization of individual toxicity values across species from similar trophic levels using a specific bioavailability model for a specific species is allowed if evidence can be provided that the model can be applied to the other organisms (e.g. in case the mechanisms of toxicity are similar). It must be stressed that the approach developed in this report represents the best possible use of the current information available on copper soil geochemistry and ecotoxicology. It therefore also represents an advancement over the alternative approaches, e.g., no normalization or Bio-F, because it treats all toxicity data within defined taxonomic categories consistently, which removes the influence of test soil properties on the derivation of HC5 and PNEC values.  Cross-species extrapolation as outlined hereunder is proposed based on the following arguments: 

A) The availability of 7 developed/validated chronic regression models for different taxonomic groups, 
i.e. 2 different bioavailability models are available for higher plants belonging to different taxonomic groups, i.e. H. vulgare (monocotyle) and L. esculentum (dicotyle); 2 different bioavailability models are available for invertebrates belonging to different taxonomic groups, i.e. E. fetida (soft bodied) and F. candida (hard bodied); 3 different bioavailability models are available for different microbial processes, i.e. N-cycle related microbial processes, microbial respiration induced by artificial substrate and microbial respiration induced by natural substrate. 
The TCNES III read across paper (see freshwater effects assessment) provides the following read-across criteria: “In the ideal situation, quantitative evidence is available to confirm the applicability of at least 3 BLMs to at least 3 dissimilar taxonomic groups. In these cases (and therefore also in this soil effects report), full BLM normalization of the SSD is justified.
B) The achieved reduction in intra-species variability after normalisation with the regression equations (see below). 

The regression models, developed on sub-lethal endpoints for the invertebrates, plants and microbial processes, were used for normalising all individual NOECs (also based on sub-lethal endpoints), gathered in the copper ecotoxicity database and characterised by varying physico-chemical test conditions. The data show that the bioavailability normalisation reduced the observed intra-species variability in the copper effects data base (Figure 3‑7; Table 3‑6).
 [image: image3.emf]0

10

20

30

40

50

60

70

80

microbial biomass

substrate induced respiration

glutamic acid decomposition maize respiration

respiration

nitrification N-mineralisation

Avena sativa

Hordeum vulgare

Lycopersicon esculentum

Cognettia sphagnetorum Eisenia andrei Eisenia fetida Lumbricus rubellus Folsomia candida Folsomia fimetaria Isotoma viridis

max/min ratio

non-normalised

normalised


Figure 3‑7  The intra-species variability (expressed as max/min ratios) of the normalised and non-normalised NOEC, using the terrestrial chronic bioavailability regression models.
Table 3‑6  The reduction in intra-species variability (expressed as max/min ratios) after normalisation of the NOEC data (n= number of datapoints).
	
	Non-normalised
	Normalised
	Variability reduction

	Plants

Hordeum vulgare – root elongation (n=20)
Lycopersicon esculentum – growth (n=21)
Avena sativa – yield grain (n=5)
	15.3

24.1

1.1
	6.0

10.8

2.9
	+60.4%

+55.1%

-161.4%

	Invertebrates

Eisenia andrei – reproduction (n=4)
Eisenia fetida – reproduction (n=23)
Folsomia candida – reproduction (n=28)
Folsomia fimetaria – reproduction
Isotoma viridis – growth (n=2)
Cognettia sphagnetorum – growth (n=3)
Lumbriculus rubellus – litter breakdown (n=2)
	1.9*

10.3*

48.5

6.8

7.3

6.5

1.2
	4.7*

10.0*

16.3

6.8

4.5

6.5

1.4
	-156.1%

+2.7%

+66.4%

0%

+39.0%

0%

-13.1%

	Microbial functions

Microbial biomass (n=2)
Nitrification (n=22)
Substrate induced respiration  (n=26)
Maize induced respiration (n=18)
Respiration (n=2)
Glutamic acid decomposition (n=3)
N-mineralisation (n=2)
	3.6

63.3

72.9**

45.9

13.9

6.1

2.4
	3.6

18.7

15.8**

14.9

12.7

8.0

2.0
	0%

+70.5%

+78.3%

+67.4%

+8.4%

-31.5%

+18.4%


*: without the toxicity data from Kula & Larink (1998); 

**: based on EC10 values

The max/min ratios for the normalised NOEC data show in most cases to be smaller than a factor of 15, while originally a considerably higher intra-species variability (up to 73 for SIR) was observed for the non-normalised NOEC data. This results in a reduction in intraspecies variability up to 78% for the microbial processes, up to 66% for the invertebrates and up to 60% for the higher plants. 

However, in some cases the max/min ratio is higher after normalisation. It must be stressed that in such cases the absolute value of the intra-species variability after normalisation is still very low, i.e. 2.9 for A. sativa, 4.7 for E. andrei, 1.4 for L. rubellus, and 8.0 for glutamic acid. The choice of endpoint (NOEC versus EC10 or EC50), small number of soils tested by the same authors using the same doses; use of nominal values are reasons for the limited reduction or increases in variability.
Originally an increase of 9 % in intra-species variability was for example observed for the substrate induced respiration tests. Such increase seemed to be caused by the choice of the endpoint, i.e. NOEC. Visualization of the intra-species variability based on EC50 values revealed that the max/min ratios after normalisation drastically decreased as shown in Table 3‑6. Furthermore, originally no reduction in intra-species variability was observed for the invertebrates E. andrei and E. fetida resulting in max/min ratios of respectively 4.7 and 10.0.

Application of the chronic regressions seemed therefore to reduce the uncertainty associated with the effects assessment and could therefore be applied for setting a ecologically more relevant HC5 and so PNEC.

3.2.5.4 Ageing and leaching
After soluble Cu is added to soil, several reactions may occur, which change the concentration of Cu in the soil pore water and the fraction of added Cu available to organisms. Ageing is defined as the slow reactions that occur after soluble Cu is added to soil and after initial partitioning of Cu between solution and solid phases in soil, defined as occurring in the first 24 hours after Cu addition.

Environmental risk assessment currently mainly relies on the derivation of chemical specific criteria which are based on results from standardized laboratory experiments. These experiments are performed through the addition of the metal immediately or shortly before the experiments are set-up, providing therefore a potentially higher bioavailability compared to field conditions, meaning that the soil metal concentrations needed to produce toxic effects generally are lower for laboratory contaminated than for field contaminated soils. 

Indirect evidence for these ageing reactions is found in the commonly observed decrease in extractability after addition of soluble Cu to soil. The results of the Kammenga et al. (1996) study indicate that after 3 weeks of equilibrium exchangeable copper (CaCl2-extractable) was strongly reduced. They conclude that bioavailability of copper is time dependent. Similarly Cox (1992) examined the change in extractability of fertilizer Cu in 5 field soils over a period of 6 years. Rates of decline in Cu extractability varied from 7 to 18% per year. The results from sequential fractionation schemes to partition soil Cu into various operationally defined pools confirm that soluble Cu migrates with time from easily extracted pools to more strongly bound forms, mostly associated with organic matter and mineral oxides (McLaren and Crawford, 1973; Han and Banin, 1999). Biological evidence for Cu ageing is summarized hereunder.

3.2.5.4.1 Invertebrates and higher plants

The effects of contamination history on copper toxicity to soil invertebrates was investigated by a Danish research group working on a CuSO4 polluted site in Hygum (Bruus Pedersen et al., 2000; Scott-Fordsmand et al., 2000a & b; Bruus Pederesen and van Gestel, 2001). That site has been used for wood treatment with CuSO4 until 1924 and was used for agricultural purposes until 1993. Copper was the only compound used for wood impregnation. The gradient sampled in that field did have homogenous properties (pH 6.7-7.1; organic matter 3.9-5.5%). The ‘control’ soil at that site (22 mg/kg) was spiked in the laboratory with CuSO4 and mixed. The soil was left to incubate for various periods without leaching prior to toxicity testing.

Growth of Fallopia convulvulus was significantly reduced by Cu added in the laboratory and EC50 values for shoot growth were 260-280 mg Cu/kg. Incubation time after spiking (1-12 weeks) did not affect neither Cu toxicity, Cu uptake by the plants or extractability of Cu with CaCl2 or DTPA (Bruus Pedersen et al., 2000) suggesting no ageing effect of copper in Cu spiked soils. However, growth of the same species in a 4 week trial with field contaminated soil was only reduced by about 30% between the control and 930 mg Cu/kg illustrating that laboratory spiked soil overestimates effects on the growth compared to the >70 years old Cu-contamination. Similar results were obtained for effects of Cu on the collembolan Folsomia fimetaria (Bruus Pedersen and van Gestel, 2001).The EC10 value for reproduction after 21 days exposure in laboratory contaminated soils were 670-910 mg Cu/kg with no effects of incubation period (up to 12 weeks) on the toxicity values. Reproduction was however not affected by soil Cu in the field contaminated soil even though the maximal concentration in the soil was about two fold the EC50 of laboratory spiked soils.

Scott-Fordsmand et al. (2000) suggest that the toxicity threshold of a standard test is highly dependent on the contamination history of the soil being used (ageing effect). They found EC10 values with Folsomia fimetaria for different endpoints varying between 310 and 982 mg Cu/kg for freshly spiked soils while the EC10 values all exceeded 2,912 mg Cu/kg for contaminated soils which were contaminated 70 years earlier. Comparable but less pronounced results were found for the earthworm Eisenia fetida with EC10 values for the different investigated endpoints (growth and reproduction) varying between 34 and 428 mg/kg Cu while lower toxicity was found in the 70 years old Cu enriched soil with EC10 values between 248 and >1369 mg/kg Cu. The fact that these copper enriched field soils were less toxic than freshly spiked soil was explained by differences in the bioavailability of copper under these two conditions. The differences in bioavailability of copper in both soils could, however, not be exlained by means of the water extractable Cu fraction in the soils. 

Similar effects of ageing on copper toxicity were observed with the plant Fallopia convolvulus (Kjaer et al., 1998). In the field soil, where copper was equilibrated for several years, germination and survival of seeds were unaffected by Cu up to a concentration of 1,000 mg/kg Cu which in the ‘freshly’ spiked soil killed more than 80%. The differences in toxicity were explained by the different content of organic content and the different ageing of the soil. 

Long term effects are also being investigated in the ICA/ECI research project (2005). Research on experimentally aged soils shows a reduction in plant toxicity in 5 out of 6 cases; the effect of aging on tomato shoot yield for the Barcelona soil is difficult to accurately define due to the lack of dose response curve for the 6- and 18-month sampling periods. The experiments with field contaminated soils show that there was clear evidence of lower Cu plant toxicity in field contaminated soils in 3 cases: root elongation in the Hygum soil; root elongation in the Wageningen pH 5 soil; and root elongation in the Woburn metal salts soil. In 3 other cases using field contaminated soils (shoot yield in Hygum, Wageningen pH 4, and Wageningen pH 5 soils) the data concerning lab-field effect were inconclusive, due to insufficient reduction in shoot yield in the field contaminated soils to fit the log-logistic model or estimate Cu toxicity to shoot yield. Moreover, there was no evidence of lower Cu plant toxicity of Cu in field contaminated soils in 2 cases (root elongation in the Wageningen pH 4 soil and Woburn sludge cake soil). 

Clear ageing effects were found for the invertebrates in the experimental ageing test in Houthalen and Woburn soils. No conclusions could be drawn for the Barcelona soil as no dose response could be derived. Comparing spiked with field contaminated soils, only 3 ageing factors could be derived. All other cases remain inconclusive as no dose response could be derived in the lab spiked soils. All results are discussed below .

3.2.5.4.2 Microbial processes

Long term effects of Cu on soil microbial processes are likely to be different from that on plants or invertebrates. Ageing of a Cu contaminated soil may, on the one hand, alter Cu availability to soil microbes but, on the other hand, may allow the population to adapt to the contamination. Long term effects are being investigated in the ICA/ECI research project 2005) and no general trend in Cu toxicity with aging time (6, 12 and 18 months) was observed. The variability of the microbial assays was too large to detect changes with time. This large variation in control response of the different treatments clearly indicates that also other factors than Cu bioavailability (e.g. climate conditions before sampling) affected the response of the soil microbial biomass. Copper toxicity thresholds after ageing tend to be larger than after leaching alone, indicating further decrease of copper toxicity after initial leaching. This can be due to slow reactions affecting the bioavailability of copper, but also may be caused by adaptation of the microbial biomass in the soil to the increased Cu concentrations. As Cu toxicity is tested with the indigenous microbial population of a soil, which can vary over time, the results from these microbial assays cannot separate effects of decreasing bioavailability of Cu with time from effects from changes in the sensitivity of the microbial population for Cu with time (due to acclimatization or adaptation). The importance of adaptation is expected to be of less importance. The results of the regression analysis indicate that the background concentration is not a key factor explaining differences in toxicity. Other soil factors, such as CEC, organic matter content and pH are more important, with CEC being the key factor. If conditioning to the ambient background is not a key factor explaining differences in toxicity, a similar effect can be expected for adaptation to anthropogenic added metal. Further, the ageing research revealed pH to be the factor governing the ageing of anthropogenic added copper.
3.2.5.4.3 Effects of ageing and leaching on copper bioavailability: derivation of a leaching-ageing factor
Introduction

Several studies have shown that Cu toxicity is generally larger in soils freshly spiked with Cu2+ salts than in soils contaminated with Cu in the field. The effect of ageing on the toxicity of Cu towards terrestrial organisms is illustrated in Figure 3‑8. 

	Figure 3‑8  Dose response curve for a microbial assay on a field contaminated soil (‘Transect’) and a spiked control soil from the same field.
	The transect was sampled in a field contaminated with Cu more than 70 years ago from a wood impregnation facility.
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This graph indicates the ageing effects (field contaminated versus laboratory freshly spiked) on the glucose respiration test. Field contaminated transect soils showed a significantly lower copper toxicity compared to freshly spiked soils. Indeed, the freshly spiked soil from Hygum (soil 1) result in an NOEC value of 170 mg Cu/kg while no effects were observed in the field contaminated site, i.e. >804 mg Cu/kg. From these values, a leaching-ageing factor of >4.7 could be estimated. The difference can be related to the higher solubility of Cu in soil spiked with salts than in soil contaminated by ‘environmental’ Cu. In the lab, Cu doses of 10 to 1000 mg/kg are added at once, while in the field, contamination occurs gradually with RWC additions of 0.1 mg/kg/year (see regional exposure chapter). This is a factor 100 to 10 000 lower in the field. The higher solubility is attributed to higher ionic strength in soils spiked with the metal salts, longer equilibration period in field contaminated soils (‘aged’ Cu) and to different sources of Cu. All toxicity data discussed above refer to soils that are tested almost shortly after spiking with soluble Cu2+ salts without removal of excess salt by leaching. The HC5 derived from these data, expressed as total soil Cu, therefore refers to a form of Cu that is overestimating the effective dose of Cu in the field at the same total soil Cu. This suggests that a correction factor should be applied to the HC5 to achieve a similar basis of expressing the total Cu as in a field situation. This section compiles the studies that have related the chemistry and toxicity of Cu in freshly spiked soil with that in field contaminated soils. 

In accordance with the specific influence of soils on copper toxicity the differences due to leaching and ageing have been investigated for different soil types in the ICA/ECI (2005) research programme. Copper toxicity has been studied under lab conditions (after 1-time spiking with a solution of soluble copper) and under field conditions (on specific soils which had been contaminated up to high levels from year-long copper accumulation). 

One copper contaminated site was sampled in Hygum (Denmark; soil 1). This site has a sandy clay soil and was contaminated more than 70 years ago from a wood impregnation facility. The second site was a field experiment at Wageningen (The Netherlands). The experimental design was a randomized block of 4 levels of pH (in KCl; 4.1, 4.7, 5.4, and 6.1), with 4 levels of copper contamination (0, 250, 500, and 750 kg Cu/ha). Copper was added as CuSO4.5H2O, and the pH was adjusted by adding flower of sulphur or ground calcitic limestone in the autumn of 1982. A 3-year crop rotation of potatoes, maize and sugar beet is being practiced since then. All four copper treatments at the lowest and highest pH (treatments A and D, respectively; soil 2 and 3) were used in the lab-to-field analysis. The third transect originated from Woburn, i.e. Woburn metal salts MS (soil 4) and Woburn sludge cake C (soil 5). An overview of the characteristics of the field soils used in this assessment is provided in Table 3‑7.

	Table 3‑7    Properties of the field soils sampled in the ICA/ECI research project.
	All data refer to oven dry weight basis

	Soil
	Sand %
	Silt %
	Clay %
	Texture
	pH
	OC

(g C/kg)
	Cb (mg/kg)
	CEC (cmol/kg)

	Hygum
	66
	10
	23
	Sandy clay loam
	5.4
	21.3
	21
	6.7

	Wageningen A
	90
	2
	9
	Loamy sand
	4.3
	14.0
	19
	1.2

	Wageningen D
	90
	2
	9
	Loamy sand
	5
	14.5
	19
	1.9

	Woburn MS
	80
	12
	8
	Sandy
	6.5
	1.1
	13
	8.4

	Woburn C
	80
	12
	8
	Sandy
	6.5
	1.1
	35
	11.6


The long term ageing effects on copper toxicity in the laboratory was investigated using 3 different soils (Houthalen, Belgium – soil 4; Woburn, United Kingdom – soil 5; Barcelona, Spain – soil 6). These soils were spiked at 8 doses (control + 7 Cu doses) and placed outdoors, exposed to normal climate conditions. Soils were spiked with the appropriate amount of CuCl2-solution and sampled at 6, 12 and 18 months after outdoor placement. They were subsequently tested for toxicity.

Ionic strength as a confounding factor

The effect of the ionic strength (or the counter-ion) on the dose-response relationship in metal salt spiked studies has been assessed by experimentally leaching soils with artificial rainwater to remove excess salts. Leaching after spiking increases total soil metal toxic thresholds for plants and invertebrates (e.g. Bongers et al., 2004), even after accounting for the loss of metal caused by leaching. Leaching of salts is a natural process and application of, for example, CuSO4 in the field does not lead to excess SO42- concentrations on the long-term. This means that leaching after spiking increases the relevance of the test for the field. 

A systematic investigation on the effect of leaching on Cu toxicity thresholds in several soils was recently set-up (ICA-ECI, 2005). The effect of the ionic strength on the dose-response relationship in copper salt (CuCl2) spiked soils was assessed by comparing the dose-response (ED50 or ED10) of spiked soils with the dose-response (ED50 or ED10) of spiked and leached soils.

Spiked soils are soils that were spiked and equilibrated for 7 days before testing. Spiked and leached soils are soils that were spiked and equilibrated for 24 hours before leaching. The latter was performed with about 2 pore volumes of artificial rainwater (ARW). After leaching, each soil treatment was then air-dried slightly to achieve the correct moisture content for the ecotoxicity tests and equilibrated for a further 6 days before performing the ecotoxicity tests.

This comparison was made for 3 European soils of contrasting texture (sandy to clay), organic carbon content (1.5% to 4.5%), cation exchange capacity (1.9 cmol/kg to 23.4 cmol/kg) and pH (3.4 to 7.5): acid-sandy soil, clay soil and a soil rich in organic matter. The characteristics of the soils are presented in Table 3‑8.

Ecotoxicity tests were done as described in sections 3.2.5.2.1, 3.2.5.2.2, 3.2.5.2.3. Where clear dose-response relationships were available, a leaching factor was derived as the ratio of the ED10 or ED50 of the spiked and leached soil to that of the spiked soil. 

Leaching did not consistently attenuate Cu toxicity, however the majority of the data showed increased total Cu thresholds with a median leaching factor of 1.5 or 1.3 (ED10 and ED50 based, respectively) as shown in Table 3‑8. Leaching was found to be of equal importance among the tested organisms as shown in Table 3‑9. The source of the leaching factor is, most likely, the removal of effects of ionic strength (osmotic stress) and that of salt induced pH decreases (e.g. Speir et al., 1999). 

	Table 3‑8    The effect of leaching Cu spiked soils on the total Cu-based ED10’s and ED50’s
	The leaching factor is the ratio of the ED10 or ED50 after leaching to that before leaching. The range of the factors refers to maximally 7 assays, i.e. 3 microbial assays, 2 chronic invertebrate assays and 2 plant growth assays (from ICA-ECI, 2005).


	Soil
	pH
	%OC
	CEC (cmol/kg)
	Leaching factors in several assays
	n

	
	
	
	
	ED10 (mg/kg)*
	ED50 (mg/kg)*
	

	
	
	
	
	Range
	Median
	Range
	Median
	

	Houthalen
	3.4
	1.9
	1.9
	2.1-6.0
	5.8
	1.7-3.6
	2.2
	3

	Woburn
	6.4
	4.4
	23.4
	0.8-4.6
	1.1
	0.9-2.7
	1.2
	5

	Barcelona
	7.5
	1.5
	14.3
	0.1-2.3
	1.1
	0.6-2.1
	1.3
	5

	
	
	
	
	
	
	
	
	

	Overall
	
	
	
	0.1-6.0
	1.5
	0.6-3.6
	1.3
	14


*measured concentrations

	Table 3‑9    Ionic strength effect by endpoint

	Endpoint
	Range of ionic strength effects based on ED50

	Root elongation
	1.1-2.7

	Shoot yield
	1.3-2.2

	F candida reproduction
	1.1-3.5

	Nitrification
	0.9-1.9

	Maize induced respiration
	2.1 (only 1 datapoint)


Long-term reactions

The Cu speciation studies in soils have shown that the solubility of Cu is larger in spiked soils than in field contaminated soils at corresponding total Cu. As an example, the Cu concentrations in the pore water of the spiked soils were 7-20 fold above that in the field contaminated soil at corresponding total Cu (ICA-ECI, 2005). Long-term equilibration in soil can partly explain lower solubility and lower toxicity in soil. Isotope dilution methods have been designed to measure the fraction of Cu in soil that has the same fate as freshly added Cu2+. The isotopically exchangeable fraction of Cu decreases with increased equilibration time, indicating the ageing reactions. A 1 year study was performed in which 19 European soils, spiked with CuCl2 at the EC10 of a plant assay, were equilibrated in outdoor conditions (ICA-ECI, 2005). The isotopically exchangeable fraction was measured at 21 days after spiking (i.e. typical time of a toxicity test) and 360 days after spiking (surrogate for long-term equilibration). The results showed that the labile pool of Cu added to soils rapidly decreased after addition, especially in soils with pH>6.0, followed by a slow decrease in Cu lability. Figure 3‑9 shows that ageing of labile copper is less rapid at soils with low pH (high bioavailability) but nevertheless still significant. 

The ageing of Cu lability was modeled on the basis of three processes: precipitation/nucleation of Cu on soil surfaces, Cu occlusion within organic matter, and diffusion of Cu into micro-pores. The soil and environmental factors governing ageing rates in the short term are soil pH, organic matter content, incubation time and temperature with soil pH being the key factor for ageing of Cu added to soils. On the long term (>180 days), soil pH is the parameter governing ageing rates and ageing can be predicted with the following equation:
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Figure 3‑9   The E values (%) for added Cu measured in spiked soils incubated for different times. (Ma et al.,2005)
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The change in the labile pool is the basis to calculate the factor by which the Cu is aged. The ageing factor ranged between 1.37 and 1.71 with a median ageing factor of 1.4 (Table 3‑10).

	Table 3‑10    The effect of ageing of a Cu spiked soils on the change in the predicted isotopically exchangeable fraction of the added Cu.
	The ageing factor is ratio of the fraction of added Cu that is labile at day 21 to that at day 360 after spiking (from ICA-ECI, 2005).

	Soils
	pH
	%OC
	Ageing factors
	n

	
	
	
	Range
	Median
	

	European soils
	3.0-7.5
	0.4-23
	1.37-1.71
	1.38
	19


Changes in toxicity

The direct comparison of Cu toxicity between freshly spiked soils and soils contaminated with Cu in the field is obviously the preferred method to account for the long-term effects that mitigate Cu toxicity. The principle of this comparison is that a series of soils, historically contaminated with various concentrations of Cu in the field, is subjected to a toxicity test. A corresponding uncontaminated soil is spiked to equivalent total concentrations as in the field contaminated series (Figure 3‑10). The difference in toxicity thresholds is the basis for the derivation of the so-called Leaching/Ageing factors (L/A).The toxicity thresholds are expressed as EDx values (x=% inhibition), i.e. background corrected ECx values. The background is excluded in the L/A factor because the control soil (with background metal concentration) is identical in the two series of soil and the L/A factor refers to the different toxicity of 2 different sources of Cu applied to the soil that contains Cu at background concentrations.
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Figure 3‑10  The derivation of the leaching-ageing factor (L/A) from the dose response relationships in freshly Cu2+ salt spiked soils and corresponding soils contaminated with Cu in the field

A series of toxicity tests have been performed on various soils that allow derivation of the L/A factors (Table 3‑12 and Table 3‑13). The first series of tests have used transects in field contaminated soils that are principally contaminated with Cu (i.e. no mixed pollution). The second series of test have experimentally tested the change of toxicity between 0-18 months after spiking in soils that were artificially contaminated with Cu and which were allowed to equilibrate in outdoor conditions.

Field contaminated soils

The derivation of the L/A factors in the first series of data (ICA-ECI, 2005 and literature data) was based on the following rules:

· Case 1: toxicity is observed in both series of soils and L/A=EDx,F/EDx,S in which x is the % inhibition and F and S refer to Field contaminated or Spiked soil. The value of x should be preferably set at 10% since the L/A factor should evaluate the attenuation around the HC5 (Table 3‑12). The ED10 values in the field contaminated soils have, however, a very wide confidence interval in several tests because the variability in the dose-response relationships of field contaminated soils is larger than in spiked soil. Therefore, L/A factors are also preferably based on EDx values with x>10% (e.g. ED50 values) when these values are within the concentration range tested (Table 3‑13). There is a tendency that L/A factors are larger when based on ED10 values than on corresponding ED50 values. For example, the root elongation data in the Hygum transect yield L/A=5 when based on ED10 and L/A=3 when based on ED50 values. This can be explained by concentration dependent ageing reaction, i.e. fixation is more pronounced at lower Cu concentrations as also confirmed by soil chemical studies (ICA-ECI, 2005).

· Case 2: no significant toxicity is observed in the field contaminated soils in contrast with spiked soils. Rejecting these unbounded data would result in a considerable loss of information because the majority of data on field contaminated soils are unbounded. Therefore, it is proposed to derive a minimal L/A factor from these data as L/A>HDF/ED10,S in which HDF refers to the highest dose in the field. The underlying assumption is that the ED10F is larger than the HDF.

· The L/A factors are only judged significantly different from 1 when there was no overlap between the 95% confidence intervals from the EDx,S and EDx,F .When the EDx,aged was an average value, the confidence interval limits were set as the smallest and largest confidence interval limits from the individual values.

The lower toxicity of Cu in field contaminated soils may also be related to other soil properties that differ between the spiked and the field contaminated soil. As shown before, Cu toxicity decreases in soils with increasing soil CEC and %OC.  Slightly larger values of CEC or %OC in Cu contaminated soils than in the control soil were often observed in the contaminated field compared to control soils (Table 3‑12 and Table 3‑13). The potential confounding factors can be excluded by correcting the toxicity data of spiked soils to the abiotic factors of the Cu contaminated soil. Therefore EDx values for the spiked control soils were corrected to obtain a value that corresponds to the CEC and %OC of the transect as:
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with EDx,corr = the corrected EDx for the spiked soil, abiotic_factortransect = the average CEC or %OC of the transect samples, abiotic_factorcontrol = the CEC or %OC of the control soil and slope = the slope of the regression line logEDx = intercept + slope(log abiotic_factor). The correction factors thus applied are all relatively small and do not fully explain the lack of toxicity compared to the spiked soils. For example, the correction factor applied to the ED50 value of the root elongation (CECcontrol and average CECtransect = 6.7 and 9.5 cmolc kg-1, respectively) increased the ED50 from 265 mg Cu/kg to 302 mg/kg whereas the ED50 in the field contaminated soil is only found at 832 mg/kg.

Experimentally aged soils

The second series of data come from experiments in which Cu toxicity was monitored as a function of time (ICA-ECI, 2005). An L/A factor can be calculated from the change in toxicity threshold and this factor is proposed here as a surrogate for a L/A factor, i.e. assuming that the experimental ageing simulates field conditions. Therefore the L/A=EDx,aged/EDx,S in which  the subscript ‘aged’ refers to the aged soils. The ageing time was maximally 1.5 y in these experiments. There was no general trend across all tests that the L/A factors increased with increasing ageing time, although most L/A factors are above 1.0 (i.e. toxicity decreased with ageing). Therefore, the L/A factors were derived (in order of preference) from the EDx,aged, averaged over all ageing periods or, when data were incomplete, from the longest ageing period available. The ageing time is indicated in Table 3‑12 and Table 3‑13. As for the field contaminated soils, both ED10 values and EDx values with x>10% are presented. In a few cases, unbounded values were observed after ageing and the highest dose in the aged was taken as a lower estimate of the EDx value. This is indicated in the Table 3‑12 and Table 3‑13.

The L/A factors

The frequency distribution of these L/A factors is shown in Figure 3‑12 and Figure 3‑13. The L/A factors based on ED10 range 0.6-17.4, a 10th percentile of 1.0 and a median of 3.4 (Table 3‑12). The L/A factors based on EDx (x≥10) range 0.5-30, a 10th percentile of 1.5 and a median value of 2.8 (Table 3‑13). These percentiles are still underestimates as many of the L/A factors are unbounded values, i.e. the true L/A factor is above the value indicated. Only 15 ED10 based L/A factors (out of 36) are significantly different from 1.0, while 25 from the 37 EDx (x≥10) based L/A factors are significantly larger than 1.0. This clearly reflects the fact that ED50 or ED20 values are much more robust indicators of toxicity compared to ED10 values. None of the L/A factors (either based on ED10 or on EDx with x≥10) smaller than 1.0 are significantly different from 1.0, i.e. the suggested trend of increased toxicity upon ageing is statistically non-significant. The overall evidence shows that Cu toxicity is almost consistently smaller in aged soils than in freshly spiked soils.
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Figure 3‑11  Dose-response curves for tomato shoot yield: comparison of freshly amended soil and soil aged for 6-18 months.

The results from the tomato shoot growth assay for the aged Barcelona soils suggests an L/A factor of 0.2 (ED10 based and statistically not different from 1.0) which is not included in Figure 3‑12. The dose response curves for this test are shown in Figure 3‑11 to illustrate the uncertainty involved in the L/A factors derived. The estimated ED10 and ED50 values for the 12 months aged soil are highly uncertain (Table 3‑12 and Table 3‑13) and even a factor 25 and 4, respectively, smaller than the NOEC value of that test in the 12  months aged soil (1191 mg Cu/kg).

Ageing factors based on experimentally spiked and aged soils are generally smaller than those based on gradually contaminated and aged field soils. Also, more unbounded L/A factors (>x) are found in the field aged soils than in the experimentally aged soils. These differences could be explained by the shorter ageing time (up to 18 months) in the experimentally aged soils in comparison to the ageing time ranging from 8 to more than 70 years in the field contaminated soil. Further, differences in Cu availability between soils spiked once with a soluble form of Cu and soils in which Cu is added slowly over time may explain the discrepancy between laboratory and field aged data. The L/A factor will therefore be based on the field data. The experimentally aged data in the lab will be used as supporting evidence. There were no significant correlations between these factors and age of the Cu contamination, soil type or type of endpoint. This means that only a generic L/A factor can be used in the risk characterisation. A generic L/A factor of 2.0 is proposed based on the following considerations. 

A) The L/A factor of 2.0 is about equal to the product of the median factor found for chemical fixation in several EU soils (factor 1.4, see above) and the median factor for the effects of leaching on the Cu toxicity thresholds (factor 1.3, see above). The data in Table 3‑11 indicate that the ionic strength effect is more important in soils with a low pH and CEC while the ageing effect is more important in high pH soils. The leaching-ageing factor -a combination of both effects- is overall similar for the 3 soils. 

Table 3‑11    Influence of ionic strength and ageing for different soils

	Soil
	pH
	CEC
	Ageing time
	E value (%)
	median leaching factor based on ED50

(nr of datapoints)

	Houthalen
	3.4
	1.9
	1 year
	81.2%
	2.2 (3)

	Woburn
	6.4
	23.4
	1 year
	63.5%
	1.2 (5)

	Barcelona
	7.5
	14.3
	0.5 year*
	48.5%
	1.3 (5)


B) This factor is about the 10-15th percentile of the field contaminated soils and about the 25th percentile of all individual factors (field aged and experimentally aged), either when calculated based on ED10 or on EDx with x≥10. 

Only 1 statistically significant L/A factor is found below the generic L/A factor of 2.0 when restricting the analysis to ED10 based L/A values (Figure 3‑12). That value is, moreover, an unbounded value, i.e. a lower estimate. In the field contaminated soils only 1 L/A factors is significantly smaller than the proposed generic factor of 2.0 (i.e. no overlap between 95% confidence intervals from 2*EDx,S and EDx,F or aged), either when calculated based on ED10 or on EDx with x≥10 (Figure 3‑12 and Figure 3‑13). Similarly in the experimentally aged soils, only 1 L/A factor is found which is smaller than the proposed generic factor of 2.0.  In other words, 5% of all generated L/A factors are significantly lower than the proposed generic factor of 2.0. However, besides the factor also the absolute concentration should be evaluated. 
Table 3‑12    The leaching-ageing factors (L/A) based on the ratio of Cu ED10 values in freshly spiked and long-term aged soil samples. 

	Soil
	Endpoint
	ED10 spiked (mg Cu/kg)
	ED10 aged (mg Cu/kg)
	ageing time
	L/A
	reference

	
	
	Estimate
	95% CI
	Estimate
	95% CI
	
	
	

	FIELD CONTAMINATED SOIL

	Hygum, Denmark
	nitrification
	190$
	106-339
	>804
	
	>70 y
	>4.2
	ICA-ECI, 2005

	sandy clay, pH ~5.5
	glucose respiration
	233$
	177-306
	>804
	
	>70 y
	>3.4
	ICA-ECI, 2005

	2-3 %OC
	barley root elongation
	182$
	163-201
	753
	718-791
	>70 y
	4.1
	ICA-ECI, 2005

	CuSO4 contaminated
	tomato shoot growth
	132$
	105-160
	>804
	
	>70 y
	>6.1
	ICA-ECI, 2005

	from former wood
	F. candida reproduction
	318$
	175-577
	>804
	
	>70 y
	>2.5
	ICA-ECI, 2005

	treatment facility
	F. fimetaria reproduction
	698
	378-1589
	>2500
	
	>70 y
	>3.6
	Pedersen and Van Gestel, 2001

	
	F. fimetaria reproduction
	337
	207-581
	>2896
	
	>70 y
	>8.6
	Scott-Fordsmand et al., 2000a

	
	E. fetida reproduction
	210
	152-258
	517
	330-617
	>70 y
	2.5
	Scott-Fordsmand et al., 2000b

	
	
	
	
	
	
	
	
	

	Wageningen, A series
	nitrification
	10
	7-16
	>85
	
	21 y
	>8.5
	ICA-ECI, 2005

	The Netherlands
	glucose respiration
	33$
	3-307
	21
	2-225
	21 y
	0.6
	ICA-ECI, 2005

	sandy pH ~4.0;
	barley root elongation
	29
	16-42
	61
	4-117
	21 y
	2.1
	ICA-ECI, 2005

	1.5 %OC
	tomato shoot growth
	34
	8-59
	>85
	
	21 y
	>2.5
	ICA-ECI, 2005

	CuSO4 treated plots
	F. candida reproduction
	23
	9-56
	>85
	
	21 y
	>3.7
	ICA-ECI, 2005

	
	
	
	
	
	
	
	
	

	Wageningen, D series
	nitrification
	89$
	71-113
	101
	78-131
	21 y
	1.1
	ICA-ECI, 2005

	The Netherlands
	glucose respiration
	25
	11-53
	>131
	
	21 y
	>5.2
	ICA-ECI, 2005

	sandy pH ~5.2;
	maize residue decomp.
	51
	13-197
	>131
	
	21 y
	>2.6
	ICA-ECI, 2005

	1.5 %OC
	barley root elongation
	47$
	27-67
	>131
	
	21 y
	>2.8
	ICA-ECI, 2005

	CuSO4 treated plots
	tomato shoot growth
	27$
	0-152
	>131
	
	21 y
	>4.8
	ICA-ECI, 2005

	
	
	
	
	
	
	
	
	

	Woburn, UK
	nitrification
	61
	19-201
	>178
	
	5-8 y
	>2.9
	ICA-ECI, 2005

	sandy pH ~6.5
	glucose respiration
	123$
	
	>178
	
	5-8 y
	>1.4
	ICA-ECI, 2005

	1.5 %OC
	barley root elongation
	35
	17-54
	151
	124-177
	5-8 y
	4.3
	ICA-ECI, 2005

	CuCO3 treated plots
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	EXPERIMENTALLY AGED SOILS

	Houthalen
	glucose respiration
	16
	3-92
	149
	3-650
	0.5-1.5y
	9.3
	ICA-ECI, 2005

	
	barley root elongation
	16
	12-20
	68
	19-116
	0.5-1.5y
	4.3
	ICA-ECI, 2005

	
	tomato shoot growth
	6
	3-9
	45
	8-90
	0.5-1.5y
	7.5
	ICA-ECI, 2005

	
	F. candida reproduction
	12
	4-36
	32
	5-199
	1.5 y
	2.7
	ICA-ECI, 2005

	
	
	
	
	
	
	
	
	

	Woburn
	nitrification
	362
	281-466
	320
	107-554
	0.5-1.5y
	0.9
	ICA-ECI, 2005

	
	glucose respiration
	596
	532-668
	>1999
	
	0.5-1.5y
	>3.4
	ICA-ECI, 2005

	
	maize residue decomp..
	9
	0-29138
	2604
	1184-8771
	0.5-1.5y
	17.4
	ICA-ECI, 2005

	
	barley root elongation
	144
	118-170
	492
	73-925
	0.5-1.5y
	3.4
	ICA-ECI, 2005

	
	tomato shoot growth
	597
	442-755
	652
	140-1506
	0.5-1.5y
	1.1
	ICA-ECI, 2005

	
	E. fetida reproduction
	212
	45-1000
	143
	31-534
	1-1.5 y
	0.7
	ICA-ECI, 2005

	
	F. candida reproduction
	615
	407-929
	943
	578-1540
	1 y
	1.5
	ICA-ECI, 2005

	
	
	
	
	
	
	
	
	

	Barcelona
	nitrification
	310
	160-598
	466
	17-4558
	0.5-1.5y
	1.5
	ICA-ECI, 2005

	
	glucose respiration
	112
	32-389
	93
	0-371
	0.5-1.5y
	0.8
	ICA-ECI, 2005

	
	maize residue decomp.
	86
	24-304
	395
	1-5173
	0.5-1.5y
	4.6
	ICA-ECI, 2005

	
	barley root elongation
	111
	42-180
	195
	91-372
	0.5-1.5y
	1.8
	ICA-ECI, 2005

	
	tomato shoot growth
	251
	170-331
	45
	0-148
	1 y
	0.2
	ICA-ECI, 2005

	
	
	
	
	
	
	
	
	

	Overall
	
	
	
	
	
	
	3.4

1.0-8.5

37
	Median

10-90 percentile

n


§: corrected for differences in CEC or organic carbon content between control soils and transect samples, based on Eqn.1 and using the following slopes: 1.2 (nitrification, CEC); 0.9 (glucose respiration, %OC); 0.5 (barley root elongation, CEC); 1.0 (tomato shoot growth, CEC); 0.5 (E. fetida reproduction, CEC); 1.2 (F. candida reproduction, CEC).

Table 3‑13    The leaching-ageing factors (L/A) based on the ratio of Cu EDx values (x ≥ 10) in freshly spiked and long-term aged soil samples.
	Soil
	Endpoint
	EDx spiked (mg Cu/kg)
	EDx aged (mg Cu/kg)
	x
	ageing time
	L/A
	reference

	
	
	Estimate
	95% CI
	Estimate
	95% CI
	
	
	
	

	FIELD CONTAMINATED SOIL

	Hygum, Denmark
	nitrification
	190$
	106-339
	>804
	
	10
	>70 y
	>4.2
	ICA-ECI, 2005

	sandy clay, pH ~5.5
	glucose respiration
	233$
	177-306
	>804
	
	10
	>70 y
	>3.4
	ICA-ECI, 2005

	2-3 %OC
	barley root elongation
	302$
	285-322
	832
	806-860
	50
	>70 y
	2.8
	ICA-ECI, 2005

	CuSO4 contaminated
	tomato shoot growth
	132$
	105-160
	>804
	
	10
	>70 y
	>6.1
	ICA-ECI, 2005

	from former wood
	E. fetida reproduction
	315$
	
	804
	
	28
	>70 y
	2.6
	ICA-ECI, 2005

	treatment facility
	F. candida reproduction
	318$
	175-577
	>804
	
	10
	>70 y
	>2.5
	ICA-ECI, 2005

	
	F. fimetaria reproduction
	698
	378-1589
	>2500
	
	10
	>70 y
	>3.6
	Pedersen and Van Gestel, 2001

	
	F. fimetaria reproduction
	337
	207-581
	>2896
	
	10
	>70 y
	>8.6
	Scott-Fordsmand et al., 2000a

	
	E. fetida reproduction
	210
	152-258
	517
	330-617
	10
	>70 y
	2.5
	Scott-Fordsmand et al., 2000b

	
	
	
	
	
	
	
	
	
	

	Wageningen, A series
	nitrification
	10
	7-16
	>85
	
	10
	21 y
	>8.5
	ICA-ECI, 2005

	The Netherlands
	glucose respiration
	68$
	21-222
	35
	7-163
	20
	21 y
	0.5
	ICA-ECI, 2005

	sandy pH ~4.0;
	barley root elongation
	57
	48-65
	110
	0-299
	50
	21 y
	1.9
	ICA-ECI, 2005

	1.5 %OC
	tomato shoot growth
	34
	8-59
	>85
	
	10
	21 y
	>2.5
	ICA-ECI, 2005

	CuSO4 treated plots
	F. candida reproduction
	23
	9-56
	>85
	
	10
	21 y
	>3.7
	ICA-ECI, 2005

	
	
	
	
	
	
	
	
	
	

	Wageningen, D series
	nitrification
	89$
	71-113
	101
	78-131
	10
	21 y
	1.1
	ICA-ECI, 2005

	The Netherlands
	glucose respiration
	25
	11-53
	>131
	
	10
	21 y
	>5.2
	ICA-ECI, 2005

	sandy pH ~5.2;
	maize residue decomp.
	51
	13-197
	>131
	
	10
	21 y
	>2.6
	ICA-ECI, 2005

	1.5 %OC
	barley root elongation
	47$
	27-67
	>131
	
	10
	21 y
	>2.8
	ICA-ECI, 2005

	CuSO4 treated plots
	tomato shoot growth
	27$
	0-152
	>131
	
	10
	21 y
	>4.8
	ICA-ECI, 2005

	
	
	
	
	
	
	
	
	
	

	Woburn, UK
	nitrification
	61
	19-201
	>178
	
	10
	5-8 y
	>2.9
	ICA-ECI, 2005

	sandy pH ~6.5
	glucose respiration
	123$
	
	>178
	
	10
	5-8 y
	>1.4
	ICA-ECI, 2005

	1.5 %OC
	barley root elongation
	138
	114-161
	193
	172-215
	50
	5-8 y
	1.4
	ICA-ECI, 2005

	CuCO3 treated plots
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	EXPERIMENTALLY AGED SOILS

	Houthalen
	glucose respiration
	262
	137-502
	530
	390-748
	50
	0.5-1.5y
	2
	ICA-ECI, 2005

	
	barley root elongation
	36
	32-40
	194
	100-271
	50
	0.5-1.5y
	5.4
	ICA-ECI, 2005

	
	tomato shoot growth
	22
	17-26
	75
	36-118
	50
	0.5-1.5y
	3.4
	ICA-ECI, 2005

	
	F. candida reproduction
	44
	27-72
	400
	223-718
	50
	1.5 y
	9.2
	ICA-ECI, 2005

	
	
	
	
	
	
	
	
	
	

	Woburn
	nitrification
	749
	667-840
	1113
	773-1541
	50
	0.5-1.5y
	1.5
	ICA-ECI, 2005

	
	glucose respiration
	1577
	1507-1651
	>3010
	
	50
	0.5-1.5y
	>1.9
	ICA-ECI, 2005

	
	maize residue decomp.
	122
	1-15254
	>3723
	
	20
	0.5-1.5y
	>30.5
	ICA-ECI, 2005

	
	barley root elongation
	376
	346-403
	1092
	600-1535
	50
	0.5-1.5y
	2.9
	ICA-ECI, 2005

	
	tomato shoot growth
	849
	677-1025
	1286
	687-1919
	50
	0.5-1.5y
	1.5
	ICA-ECI, 2005

	
	E. fetida reproduction
	327
	149-719
	1405
	766-2340
	50
	1-1.5 y
	4.3
	ICA-ECI, 2005

	
	F. candida reproduction
	1230
	1020-1480
	1870
	1520-2310
	50
	1 y
	1.5
	ICA-ECI, 2005

	
	
	
	
	
	
	
	
	
	

	Barcelona
	nitrification
	589
	458-759
	>4365
	
	50
	0.5-1.5y
	>7.4
	ICA-ECI, 2005

	
	glucose respiration
	552
	328-930
	877
	160-1341
	50
	0.5-1.5y
	1.6
	ICA-ECI, 2005

	
	maize residue decomp.
	260
	110-615
	1069
	23-6001
	20
	0.5-1.5y
	4.1
	ICA-ECI, 2005

	
	barley root elongation
	326
	240-411
	580
	419-800
	50
	0.5-1.5y
	1.8
	ICA-ECI, 2005

	
	tomato shoot growth
	444
	367-521
	274
	13-535
	50
	1 y
	0.6
	ICA-ECI, 2005

	
	
	
	
	
	
	
	
	
	

	Overall
	
	
	
	
	
	
	
	2.8

1.5-7.8

38
	Median

10-90 percentile

n


§: corrected for differences in CEC or organic carbon content between control soils and transect samples, based on Eqn.1 and using the following slopes: 1.2 (nitrification, CEC); 0.9 (glucose respiration; ED10, %OC); 0.8 (glucose respiration, ED20, %OC); 0.5 (barley root elongation, CEC); 1.0 (tomato shoot growth, CEC); 0.5 (E. fetida reproduction, CEC); 1.2 (F. candida reproduction, CEC).

C) It may be argued that the derivation of L/A factors based on EDx or ED10 values with overlapping confidence limits (c.i.) are highly uncertain as both the aged and the non-aged EDx/ED10 values are not significantly different. On the other hand, considering only those L/A factors without overlapping c.i. considerably reduces the database (Figure 3‑12, Figure 3‑13, Table 3‑14), therefore introducing more uncertainty in the analysis. In general, L/A factors derived from EDx/ED10 values without overlapping c.i. are generating higher L/A factors compared to the L/A derived from the whole database, i.e. a L/A factor of 2.5 versus a L/A factor of 2.0 at  the proposed 25th %.. Therefore, generating L/A factors using the whole database (including overlapping confidence intervals) is more conservative.

Figure 3‑12:   The frequency distribution of the leaching-ageing factors derived from the EDx values (x≥10) with and without overlapping c.i.
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Figure 3‑13:   The frequency distribution of the leaching-ageing factors derived from the ED10 values with and without overlapping c.i.
The L/A factor of 2 (for the database with overlapping c.i.) or 2.5 (for the database without overlapping c.i.) for Cu are more conservative than the one proposed for Zn in the RAR. Indeed, for Zn a L/A factor of 3 is used corresponding to the 45th% of the frequency distribution of the L/A factors, while for Cu the factors of 2 or 2.5 correspond to the 25th percentile of all individual factors (field aged and experimentally aged).

Table 3‑14 Overview of the L/A factors for Cu derived at different % from the database with/without including EDx/ED10 values with overlapping c.i. (and comparison with Zn RAR)
	Percentile (%)
	Based on EDx>10 with overlapping c.i.

(n=37; range: 0.5->30.5)
	Based on EDx>10 without overlapping c.i.

(n=26, range: 1.4-9.1)
	Based on ED10 with overlapping c.i.

(n=36, range: 0.6->353.2)
	Based on ED10 without overlapping c.i.

(n=17, range: >1.4-8.6)
	Based on ED10 (cfr. Rn RAR)

(n=22, range: 0.8->13)

	10
	1.5
	1.6
	1.0
	2.3
	1.4

	20
	1.6
	1.9
	1.5
	2.5
	2.2

	30
	2.2
	2.5
	2.5
	2.7
	2.5

	40
	2.5
	2.8
	2.7
	3.4
	2.8

	50
	2.6
	3.2
	3.4
	3.6
	3.1


Conclusion: Given all these observations, it is concluded that there is sufficient justifications to assume that the toxicity under field conditions is less than under laboratory conditions, and a reasonable worst case generic L/A of 2.0 is proposed for all soils. This generic leaching-ageing factor will be used on all individual NOECadd values of tests starting within 120 days after spiking to generate aged NOECadd values. For NOECadd values of tests in soils that have equilibrated for more than 120 days after spiking, the L/A factor is 1.0.
3.2.5.5 Soil characteristics of the ecotoxicity data and EU soils
3.2.5.5.1 Soil characteristics of the ecotoxicity data 

In order to better (1) understand the observed differences in intraspecies sensitivity for copper and (2) investigate the quality of the database (i.e. range of soil characteristics covered), the physico-chemical characteristics encountered in the toxicity tests were assessed thoroughly as follows:

Background copper concentrations

In order to calculate the HC5 for the terrestrial compartment, the background concentrations from the reported toxicity data has to be taken into account. An overview of the reported Cu background concentration encountered in the soil media used for toxicity tests is presented in Figure 3‑14. 

In general, similar Cu background concentrations are observed between the soil media used for toxicity tests with plants and microbial processes. The median Cu background concentrations observed in the ecotoxicity tests with higher plants and microbial processes was respectively 20 mg/kg (10th % 6.2 mg/kg, 90th % 158 mg/kg for the higher plants) and 21 mg/kg (10th % 6.2 mg/kg, 90th % 50 mg/kg for the microbial processes). For the invertebrates a lower median background concentration of 10.7 mg/kg was noticed (10th % 3.2 mg/kg, 90th % 22 mg/kg).
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Figure 3‑14    Distribution of the observed background Cu concentration in the ecotoxicity tests
 pH

In general, similar pH values are found in the soil media used for toxicity tests with plants, invertebrates microbial processes (Figure 3‑15). The median pH values from the plants was 5.4 (10th % 4.1, 90th % 7.5), for microbial processes 6.3 (10th % 4.3, 90th % 7.5) and for the invertebrates a median pH value of 6.0 was observed (10th % 4.5, 90th % 7.3).
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Figure 3‑15    Distribution of the observed pHs in the ecotoxicity tests
Organic matter content

In general, the organic matter content found in the soil media used for toxicity tests with invertebrates is higher than those used for higher plants and microbial processes (Figure 3‑16). The median organic matter values from the invertebrates database was 4.7% (10th % 2.0%, 90th % 10%), for the microbial processes was 3.0% (10th % 1.4%, 90th % 20.4%) and for the higher plants 2.4% (10th % 1.6%, 90th % 7.0%). 
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Figure 3‑16    Distribution of the observed organic matter content in the ecotoxicity tests
Clay content
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In general, similar clay contents are found in the soil media used for toxicity tests with plants, invertebrates microbial processes (Figure 3‑17). The median clay content in plant tests was 17.5% (10th % 8, 90th % 46%), for the invertebrates 14.5% (10th % 5.1%, 90th % 38% for the invertebrates) while for the microbial processes a median clay content of 21% was observed (10th % 7%, 90th % 46%).

Figure 3‑17    Distribution of the observed clay content in the ecotoxicity tests
Cation exchange capacity (CEC)

In general, similar CEC are found in the soil media used for toxicity tests with plants, invertebrates microbial processes (Figure 3‑18). The median CEC content values for the microbial processes, plants and invertebrates was between 10.1 and 15.0 cmol/kg (10th % 4.7 cmol/kg, 90th % 26.2 cmol/kg for the higher plants; 10th % 5.8 cmol/kg, 90th % 26.2 cmol/kg for the invertebrates;  10th % 2.4 cmol/kg, 90th % 36.3 cmol/kg for the microbial processes.
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Figure 3‑18    Distribution of the observed CEC in the ecotoxicity tests
3.2.5.5.2 Comparison with soil characteristics for European soils
The values of the soil parameters in the ecotoxicity tests were compared with ranges reported for European soils (Table 3‑15). Data on the EU soil characteristics were obtained for the following regions and sources: 

· Scattered world soil properties data from the International Soil Reference and Information Center (ISRIC)

· World soil types and soil properties data from the Food and Agriculture Organization (FAO) of the United Nations

· European soil properties and (heavy) metal concentration data from: “Agricultural Soils in Northern Europe: A Geochemical Atlas “ (Clemens, 2003)

· European soil properties and heavy metal concentration data from Dick Brus of the Alterra Research Institute for the Green World, Soil Research Center

· ICP Forest database

· UK National Soil Inventory

· Italian Soil Survey Dataset

The estimation of the frequency distribution of soil physico-chemical parameters influencing the bioavailability of copper (this is pH, OM%, clay % and CEC) throughout the EU was performed using the area-based kriging analysis wherein the discrete data were used to interpolate a continuous surface for each parameter (detailed report see Appendix Env N). 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. 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 far less biased than the individual datasets. The distribution functions for each soil variable known to mitigate Cu toxicity in soils (i.e. CEC, OM, pH and clay content) and for the Cu background concentrations in EU soils were constructed as shown in Figure 3‑19 to Figure 3‑21. From each distribution specific percentiles could be derived.

The physico-chemical properties of the FOREGS database have not been included as they are focused on natural areas only and because in the Northern countries (mainly the UK, Finland, Sweden, Norway, Denmark, Germany), the top organic layer was removed from the soil samples, so underestimating the OM% content of the topsoil layers.

Cation exchange capacity (CEC)
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The CEC content in EU soils ranges between 12.8 and 46.5 cmol/kg (range as 10th and 90th percentiles) as shown in Figure 3‑19. A typical CEC concentration (50th %) of 20.5 cmol/kg was estimated in EU soils.

Figure 3‑19    Distribution of the observed CEC content in EU soils
pH
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The pH in EU soils ranges between 4.6 and 6.2 (range as 10th and 90th percentiles) as shown in Figure 3‑20. A typical pH value (50th %) of 5.3 was estimated in EU soils. 
Figure 3‑20    Distribution of the observed pH in EU soils
Organic matter content
The organic matter content in EU soils ranges between 2.7 and 26.7 % (range as 10th and 90th percentiles) as shown in Figure 3‑21. A typical OM concentration (50th %) of 9.4 % was estimated in EU soils.
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Figure 3‑21  Distribution of the observed organic matter content in EU soils
Clay content
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The clay content in EU soils ranges between 17.2 and 29.2% (range as 10th and 90th percentiles) as shown in Figure 3‑22. A typical clay content (50th %) of 23.3 % was estimated in EU soils.

Figure 3‑22  Distribution of the observed clay content in EU soils 
A map of the abiotic conditions occurring in the EU soils is presented in Figure 3‑23.

Figure 3‑23    Maps of the observed CEC, OM%,  pH in EU soils (Parametrix, 2005)
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Background copper concentrations
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The Cu background concentration in EU topsoils
  ranges between 6.9 and 45.1 mg/kg (range as 10th and 90th percentiles) as shown in Figure 3‑24. A typical Cu background concentration (50th %) of 19.0 mg/kg was estimated in EU topsoils. For most data sets information was provided that the sampling strategy was adapted in such a way that the collected soil samples were not influenced by nearby local point sources. To ensure that any undetected point source contribution was eliminated from the data sets prior to the derivation of ambient soil Cu-concentrations, an outlier analysis was performed on the individual data sets.
Figure 3‑24  Distribution of the observed Cu background concentrations in EU soils
Comparison between the soil properties used in the ecotoxictiy tests and those encountered in EU soils revealed similar ranges for pH, OM content and Cu background (Table 3‑15). For the CEC content and to some extent also the clay content, it seems that the ecotoxicity database is skewed towards lower values. In other words, more ‘sensitive soils’ are included in the effects database compared to those encountered in the EU.

Table 3‑15    Soil parameters of the selected toxicity studies and European soils (reported as 10th and 90th %)

	Parameter
	
	Plants
	Invertebrates
	Microbial tests

	pH
	Toxicity studies
	4.5-7.5
	4.1-7.3
	4.3-7.5

	
	European soils
	4.6-6.2 

	OM (%)
	Toxicity studies
	2.0-7.0
	1.6-10
	1.4-20.4

	
	European soils
	2.7-26.7

	CEC (cmol/kg)
	Toxicity studies
	4.7-26.2
	5.8-26.2
	2.4-36.3

	
	European soils
	12.8-46.5

	Clay (%)
	Toxicity studies
	8.0-46.0
	5.1-38
	7.0-46.0

	
	European soils
	17.1-29.2

	Cu background concentration (mg/kg)
	Toxicity studies
	6.2-158
	3.2-21.8
	6.2-50

	
	European soils
	6.9-45.1


Both the tests on terrestrial species (plants and invertebrates) as well as the tests on microbial functions were further used to derive the HC5 for the terrestrial compartment. In total 108 individual chronic data points were gathered for invertebrates, resulting in 10 species mean NOEC values; 67 individual chronic data points for higher plants, resulting in 9 species mean NOEC values; 77 individual chronic data points were gathered for microbial processes, resulting in 9 process mean NOEC values. All individual NOEC values for both microbial processes and invertebrates/higher plants were corrected for bioavailability before the HC5 derivation as outlined in section 3.2.5.6.2. Bioavailability models could be applied to all ecotoxicity data as the data remained within the bounderies of the bioavailability models:

pH: 3-7.5

OM%: 0.2%-37.3%

CEC: 1.2-36.3 cmol/kg
3.2.5.6 Calculation of the HC5-50
3.2.5.6.1 Non-normalised HC5-50 for soils
The non-normalised terrestrial HC5-50 was derived using the species mean NOEC values for the most sensitive endpoint. Two different approaches were used: 
1) using all NOEC data without consideration of either the normalisation or the generic L/A factor of 2 and; 
2) using all NOEC data without consideration of the normalisation, but with the application of a generic L/A factor of 2. 
It must be stressed that, considering the important influence of soil properties on bioavailability and toxicity of copper in soils, these approaches are less ecologically relevant for HC5-50 derivation compared to the use of normalised soil toxicity data (using the regression models). The cumulative frequency distribution (SSD) of the non-normalised species mean NOEC values for Cu is presented in Figure 3‑25.
Using statistical extrapolation and the best fitting distribution results in a HC5-50 of 42.1 mg/kg (24.6-50.1 mg/kg) based on all NOEC data without consideration of both the normalisation and the application of a generic L/A factor of 2 and of 69.8 mg/kg (40.7-83.8 mg/kg) using all NOEC data without consideration of both the normalisation but with the application of a generic L/A factor of 2 (Table 3‑16). A non-normalised HC5-50 added has also been derived in Appendix S2.
Table 3‑16    HC5-50 with  5% and 95% CI for the terrestrial ecosystem using non-normalised “species mean” NOECs (total risk approach) and the statistical extrapolation approach. All values in mg/kg. 
	Scenario
	HC5-50 (mg/kg)

	
	Log-normal distribution
	Best fitting distribution (A/D based approach)

	SSD without ageing & normalisation
	51.9 (34.5-69.9)
	42.1 (24.6-50.1) - Logistic

	SSD without normalisation but with L/A of 2
	87.2  (57.7-118.0)
	69.8 (40.7-83.8) - Logistic
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Figure 3‑25   The cumulative frequency distributions of non-normalised species mean NOEC values from the Cu terrestrial toxicity dataset. Observed data and logistic distribution curve (best fitting curve) for the dataset 
3.2.5.6.2 Normalised HC5-50  for soils: implementation of bioavailability

Method
Considering the bioavailability of copper in soils, two phenomena on the ecotoxicity of copper to soil organisms are apparent: 

the toxicity response is highly dependent on soil type (section 3.2.5.3), and 

the toxicity response is highly dependent on the time: copper toxicity under field conditions is hardly detectable, or only observed at much higher doses than under laboratory conditions (section 3.2.5.4).

It is relevant for the risk assessment to account for those observed differences in bioavailability and hence to quantify the relationship between soil properties and copper toxicity. The general approach used for implementing Cu bioavailability in soils is summarized in Figure 3‑26.
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Figure 3‑26  General approach used for the incorporation of Cu -bioavailability in soils
The normalisation procedure uses the following steps (see also Figure 3‑26):

Select the good quality NOEC data as identified in Tables 3-1 to 3-3 (underlined values).

Derive the NOECadd values by subtracting the Cu background concentration of the tested control soils from the total NOEC values (measured NOEC) or use the NOECadd values from nominal NOECs.

Compile the aged NOECadd values by multiplying the individual NOECadd values with the L/A factor.

Add the Cu background concentration from each individual test
 in order to calculate the total aged NOEC values.

Sort the total aged NOEC values of the existing database in 7 different groups (related to the 7 regression functions), i.e. tomato, all other plants, soft-bodied invertebrates, hard-bodied invertebrates, N-cycle related microbial processes, microbial respiration induced by artificial substrate, microbial respiration induced by natural substrate. 

Normalise each total aged NOEC value towards a reference soil using the total slope –this is the slope based on the total ecotoxicity data- of the respective regression function (Table 3‑5). CEC, pH, clay and OM of the tested soils should be known. If CEC is unknown, it is estimated from % clay, % OM and pH
. If these soil properties are unknown, these data can not be used for normalisation. 
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E.g. regression applied for plant data (except tomato)
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(Eq – 2)

Where multiple data are available for the same species and endpoint, calculate the species mean value for the most sensitive endpoint for each species.

Build the SSD from the species geomean NOEC values

Derive the HC5/ HC5-50
Ecoregion approach: scenario development
The toxicity data underlined in Table 3‑1 to Table 3‑3 were further aged and normalized towards typical European soil scenarios. In order to identify these scenarios, the soils sampled in Europe in the framework of the Cu, Ni and Zn RAs were used as a pool of potential real scenarios. The final selection was based on the frequency distribution of the soil physico-chemical properties influencing copper bioavailability in soils in Europe (chapter 3.2.5.5) and on the European soil map. The overall approach for this process was presented in a multi-metal Summary Paper (IND0506(RA_metals_generic_issues_TCNESIII06).zip) that was discussed at TC NES III, 2006.  
Different scenarios were selected to provide examples of conditions covering a wide range of physico-chemical conditions (pH between 3.0 and 7.5; CEC between 2.4 and 36 cmol/kg, clay between 7 and 46 %) occurring in EU soils from North to South, East to West (including 4 soils of which the CEC falls within the 10P-90P of its frequency distribution
 and including 2 highly sensitive soils with a CEC < than the 10P of the European database). Soil scenarios cover agricultural (arable soil and grassland) and natural soils (woodland and forest). The different considered scenarios are summarized in Table 3‑17. The country name refers to the origin of the soil investigated and does not necessary mean the soil type is representative for that country! The 2 soils with a CEC lower than the 10P of the European soils are included only to illustrate the applicability of the models for such soils. Because they fall beyond the EU RWC for CEC they will not be further used for risk characterisation.
Table 3‑17    Summary of the physico-chemical characteristics of the different selected examples.
	
	Type
	Soil use
	Country
	pH
	OM%
	Clay%
	CEC

cmol/kg

	Agriculture
	1. Acid sandy soil      
	Arable land
	Sweden
	4.8
	2.8
	7
	2.4*

	
	2. Loamy soil
	Arable land
	The Netherlands
	7.5
	2.2
	26
	20

	
	3. Peaty soil
	Grassland
	The Netherlands
	4.7
	40
	24
	35

	Nature
	4. Acid sandy soil
	forest
	Germany
	3.0
	9
	7
	6*

	
	5. Clay soil
	woodland
	Greece
	7.4
	4.5
	46
	36

	Agriculture + nature
	6. Loamy soil
	Arable + forest
	Spain
	6.2
	2.7
	17
	12.8


 *: examples of soils with a CEC < 10P of the CEC in EU soils (Table 3‑15)
The physico-chemical conditions of the selected soils and examples were further compared with the physico-chemical conditions generally occurring in the EU soils (Table 3‑18). Based on this comparison it seems that the soil types selected have soil properties both at the low and high end
 (Table 3‑17).
Table 3‑18    Comparison of the phys.-chem. conditions of the different soil type scenarios versus EU soils.

	
	
	pH**
	OM%**
	Clay%**
	CEC cmol/kg**

	Agriculture
	1. Acid sandy soil-Sweden*
	Low
	Low
	Low
	Low

	
	2. Loamy soil-the Netherlands
	High
	Low
	High
	Medium

	
	3. Peaty soil-the Netherlands
	Low
	High
	High
	Medium

	Nature
	4. Acid sandy soil-Germany*
	Low
	Low-Medium
	Low
	Low

	
	5. Clay soil-Greece
	High
	Low-Medium
	High
	High-Medium

	Agriculture + nature
	6. Loamy soil-Spain
	High
	low
	Low
	Low


*: examples of soils with CEC <10P of the CEC in EU soils (Table 3‑15)

**10P-90P: pH between 4.6 and 6.2; OM% between 2.7-26.7%, CEC between 12.8 and 46.5 cmol/kg, clay % between 17.1 and 29.2 %

Based on this comparison it seems that the Swedish acid sandy soil has a low pH and a very low CEC. The German soil has a very low pH, a low clay content and as a consequence also a low CEC. They can be considered as very conservative scenarios for the EU. 

HC5-50soil
An overview of the species sensitivity distributions (best fitting and log-normal SSD) and HC5-50 values for the different considered scenarios is presented hereunder. To avoid ‘overfitting’ it was recommended that the selected SSD functions should not be too complex (2-3 parameters functions are preferred over multi-parameters functions). Indeed, a perfect fit can always be obtained by using, for example, a high degree polynomial distribution. Fitting of the L/A-corrected/normalised SSD is done using the classical log normal distribution function and using the best fitting function. The best fitting distribution was identified using the best goodness of curve fit among 10 different frequency distributions which could be described by 2 parameters (i.e. Erlang, Normal, Logistic, Inverse Gaussian, Extreme Value, Weibull, Pearson V, Beta, Uniform, Pareto), and to 2 distributions which could be described using 3 parameters (i.e. Triangular and Pearson VI). 

- HC5 for best fitting approach (using A/D) and using the conventional log-normal approach

A summary of the HC5 for the best fitting (using the A/D goodness-of-fit approach) and the ‘conventional’ log-normal distributions derived for the different selected soil eco-region scenarios is provided in Table 3‑19.
Table 3‑19    Summary of the HC5 for the best fitting and log-normal distributions derived for the different selected scenarios
	Scenario
	HC5 (mg/kg)

	
	Best fitting distribution (A/D based approach)
	Log-normal distribution 

	Acid sandy soil - Sweden *
	26.2 - Logistic
	25.6

	Loamy soil - The Netherlands
	104.5- Pearson V
	89.0

	Peaty soil - The Netherlands
	175.6 - Lognormal
	175.6

	Acid sandy soil – Germany*
	54.6 - Extreme Value
	39.6

	Clay soil - Greece
	168.2 - Pearson V
	143.7

	Loamy soil - Spain
	86.4 - Erlang
	80.0


*: examples of soils with a CEC < 10P of the CEC in EU soils (Table 3‑15)
Table 3‑19 demonstrates that the use of the conventional log-normal frequency distribution results generally in similar to lower HC5 values compared to the best fitting distribution (maximum factor of difference 1.4). 

- Estimation of the 50th % confidence limit on the HC5.

According to the TGD (2003) the PNEC should be derived from the HC5 at 50th % confidence limit (mg/kg) and considering the application of an additional assessment factor. Table 3‑20 provides a summary of the HC5 at 50th % confidence limit (HC5-50 together with 5th and 95th confidence limits) derived from the best fitting distribution selected according to the A/D goodness-of-fit statistics and derived from the log-normal distribution. For the soil scenarios within the 10P-90P properties of the EU soils, HC5-50 values of the conventional log-normal frequency distribution are very similar to those derived from the best fitting distribution. Differences appear for the soil scenarios with properties beyond the EU 10-90P, an indication that the SSD under extreme conditions deviate from the log-normal distribution.
Table 3‑20    HC5-50 (together with 5th and 95th confidence limits) derived from the best fitting distribution. All values in mg/kg.

	Scenario
	HC5 at 50th % confidence limit (mg/kg) using the best fitting distribution
	HC5 at 50th % confidence limit (mg/kg) using the log-normal distribution

	Acid sandy soil - Sweden *
	20.4 (12.3-24.2)*

Logistic
	25.3 (16.8-34.0)*



	Loamy soil - The Netherlands
	89.6 (69.7-99.7)
Pearson V
	87.7 (54.9-123.6)

	Peaty soil - The Netherlands
	172.8 (104.5-249.6)
Lognormal
	172.8 (104.5-249.6)

	Acid sandy soil – Germany*
	47.6 (38.7-52.3)*

Extreme Value
	38.9 (22.4-58.3)*

	Clay soil - Greece
	142.4 (110.3-160.0)
Pearson V
	141.5 (87.4-201.3)

	Loamy soil - Spain *
	73.1 (54.9-82.4)
Erlang
	78.9 (52.0-107.0)


* CEC < 10P of the CEC in EU soils (Table 3‑15)
- Scenario agricultural acid sandy soil (Sweden).

The species sensitivity distribution and the calculated HC5-50 based on the best fitting and conventional log-normal approaches for the ‘agricultural acid sandy soil’ scenario in Sweden are presented in Figure 3‑27 a) and b).
a)
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Figure 3‑27    The cumulative frequency distributions of the L/A-corrected and normalised species mean NOEC or EC10 values from the Cu terrestrial toxicity data (scenario acid sandy soil in Sweden pH = 4.8, CEC = 2.4 cmol/kg). Observed data and a) Logistic distribution curve (best fitting curve), b) Log-normal distribution curve.
- Scenario agricultural loamy soil (The Netherlands).

The species sensitivity distribution and the calculated HC5-50  based on the best fitting and conventional log-normal approaches for the ‘agricultural loamy soil’ scenario in The Netherlands are presented in Figure 3‑28 a) and b).
a)
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Figure 3‑28    The cumulative frequency distributions of the L/A-corrected and normalised species mean NOEC or EC10 values from the Cu terrestrial toxicity data (scenario loamy soil in The Netherlands pH = 7.5, CEC = 20 cmol/kg). Observed data and a) Pearson V distribution curve (best fitting curve) and b) Log-normal distribution curve.
- Scenario agricultural peaty soil (The Netherlands)

The species sensitivity distribution and the calculated HC5-50 based on the best fitting (conventional log-normal) approach for the ‘agricultural peaty soil’ scenario’ in The Netherlands is presented in Figure 3‑29.
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Figure 3‑29    The cumulative frequency distributions of the L/A-corrected and normalised species mean NOEC or EC10 values from the Cu terrestrial toxicity data (scenario peaty soil in The Netherlands pH = 4.7, CEC = 35 cmol/kg). Observed data and Log-normal distribution curve (best fitting curve).

- Scenario acid sandy soil (Germany)

The species sensitivity distribution and the calculated HC5-50 based on the best fitting and conventional log-normal approaches for the ‘acid sandy soil’ scenario in Germany are presented in Figure 3‑30 a) and b).
a)
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Figure 3‑30    The cumulative frequency distributions of the L/A-corrected and normalised species mean NOEC or EC10 values from the Cu terrestrial toxicity data (scenario acid sandy soil in Germany pH = 3.0, CEC = 6.0 cmol/kg). Observed data and a) Extreme Value distribution curve (best fitting curve) , b) Log-normal distribution curve
- Scenario clay soil (Greece)

The species sensitivity distribution and the calculated HC5-50 based on the best fitting and conventional log-normal approaches for the ‘clay soil scenario’ in Greece are presented in Figure 3‑31 a) and b).
a)

[image: image17.emf]P. acuminatus

E. andrei

L. rubellus

Respiration

Glutamic acid

MR

H. vulgare

C. sphagnetorum

E. fetida

Denitrification

Microbial biomass

L. perenne

N-mineralisation

S. vulgaris

P. peltifer

SIR

P. annua

P. convolvulus

A. integrifolia 

A. sativa

I. viridis

L. esculentum

Nitrification

H. radicata

H. aculeifer

F. candida

F. fimetaria

Ammonification

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

10 100 1000 10000

 Cu concentration (mg/kg)



cumulative distribution



b)

[image: image18.emf]P. acuminatus

E. andrei

L. rubellus

Respiration

Glutamic acid

MR

H. vulgare

C. sphagnetorum

E. fetida

Denitrification

Microbial biomass

L. perenne

N-mineralisation

S. vulgaris

P. peltifer

SIR

P. annua

P. convolvulus

A. integrifolia 

A. sativa

I. viridis

L. esculentum

Nitrification

H. radicata

H. aculeifer

F. candida

F. fimetaria

Ammonification

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

10 100 1000 10000

 Cu concentration (mg/kg)



cumulative distribution



Figure 3‑31    The cumulative frequency distributions of the L/A-corrected and normalised species mean NOEC or EC10 values from the Cu terrestrial toxicity data (scenario clay soil in Greece pH = 7.4, CEC = 36 cmol/kg). Observed data and a) Pearson V distribution curve (best fitting curve), b) Log-normal distribution curve.

Scenario calcareous soil (Spain)

The species sensitivity distribution and the calculated HC5-50 for the soil scenario in Spain are presented in Figure 3‑32 a) and b).
a)
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Figure 3‑32    The cumulative frequency distributions of the L/A-corrected and normalised species mean NOEC or EC10 values from the Cu terrestrial toxicity data (scenario calcareous soil in Spain pH = 6.2, CEC = 12.8 cmol/kg). Observed data and a) Erlang distribution curve (best fitting curve), b) log-normal distribution curve.

An overview of all individual normalised toxicity data for the different species for all selected scenarios is provided in Table 3‑21. 

The analysis of the normalised toxicity data clearly demonstrate that for all selected scenarios, there is no indication that one particular trophic level is more sensitive than another one. Indeed, the micro-organism functions, higher plants and invertebrates are spread over the whole SSD and therefore splitting the database was not considered to be justified.

Table 3‑21    Overview of the individual aged/normalised NOEC values for the different soil scenarios.
	Species sensitivity
	Normalised NOEC (mg/kg)
	Species sensitivity
	Normalised NOEC (mg/kg)
	Species sensitivity
	Normalised NOEC (mg/kg)
	Species sensitivity
	Normalised NOEC (mg/kg)
	Species sensitivity
	Normalised NOEC (mg/kg)
	Species sensitivity
	Normalised NOEC (mg/kg)

	Sweden – Acid Sandy soil
	The Netherlands – Loamy soil
	The Netherlands – Peaty soil
	Germany – Acid Sandy soil
	Greece - Clay soil
	Spain – loamy soil

	Denitrification
	20.0
	P. acuminatus
	86.3
	P. acuminatus
	119.4
	P. acuminatus
	42.9
	P. acuminatus
	121.3
	P. acuminatus
	66.6

	P. acuminatus
	25.2
	Glutamic acid
	109.2
	E. andrei
	189.9
	Denitrification
	52.9
	E. andrei
	193.1
	Glutamic acid
	98.5

	N-mineralisation
	25.8
	E. andrei
	137.3
	L. rubellus
	201.1
	N-mineralisation
	68.1
	L. rubellus
	204.4
	E. andrei
	106.0

	P. peltifer
	40.0
	L. rubellus
	145.3
	H. vulgare
	305.8
	E. andrei
	68.3
	Respiration
	246.5
	L. rubellus
	112.2

	E. andrei
	40.1
	Respiration
	149.3
	C. sphagnetorum
	310.2
	L. rubellus
	72.3
	Glutamic acid
	259.3
	Denitrification
	118.2

	L. rubellus
	42.5
	Microbial biomass
	154.5
	E. fetida
	340.9
	H. vulgare
	90.6
	MR
	268.3
	Microbial biomass
	139.3

	H. vulgare
	48.1
	MR
	162.5
	Denitrification
	343.3
	P. peltifer
	96.4
	H. vulgare
	311.8
	N-mineralisation
	152.0

	Glutamic acid
	59.3
	Denitrification
	189.7
	L. perenne
	378.7
	C. sphagnetorum
	111.5
	C. sphagnetorum
	315.3
	H. vulgare
	152.8

	L. perenne
	59.6
	H. vulgare
	207.8
	N-mineralisation
	441.5
	L. perenne
	112.2
	E. fetida
	346.6
	C. sphagnetorum
	173.1

	C. sphagnetorum
	65.6
	C. sphagnetorum
	224.2
	S. vulgaris
	502.8
	E. fetida
	122.6
	Denitrification
	353.7
	L. perenne
	189.2

	Nitrification
	66.3
	N-mineralisation
	244.0
	P. peltifer
	523.9
	Glutamic acid
	139.0
	Microbial biomass
	366.9
	E. fetida
	190.2

	I. viridis
	67.7
	SIR
	244.1
	P. annua
	568.6
	S. vulgaris
	148.9
	L. perenne
	386.1
	P. peltifer
	199.5

	E. fetida
	72.1
	E. fetida
	246.4
	P. convolvulus
	660.2
	I. viridis
	163.1
	N-mineralisation
	454.9
	SIR
	220.1

	S. vulgaris
	79.1
	L. perenne
	257.4
	A. integrifolia 
	728.3
	P. annua
	168.4
	S. vulgaris
	512.7
	S. vulgaris
	251.2

	Microbial biomass
	83.9
	P. peltifer
	306.2
	A. sativa
	792.7
	Nitrification
	175.2
	P. peltifer
	538.3
	P. annua
	284.0

	L. esculentum
	85.3
	S. vulgaris
	341.7
	Glutamic acid
	864.9
	P. convolvulus
	195.5
	SIR
	579.6
	Respiration
	299.5

	P. annua
	89.5
	P. annua
	386.5
	I. viridis
	886.7
	Microbial biomass
	196.7
	P. annua
	579.7
	MR
	326.0

	P. convolvulus
	103.9
	P. convolvulus
	448.8
	L. esculentum
	1117.4
	L. esculentum
	205.5
	P. convolvulus
	673.2
	P. convolvulus
	329.8

	H. aculeifer
	107.7
	A. integrifolia 
	495.0
	Nitrification
	1135.9
	A. integrifolia 
	215.7
	A. integrifolia 
	742.6
	I. viridis
	337.6

	A. integrifolia 
	114.6
	I. viridis
	518.2
	H. radicata
	1221.7
	A. sativa
	234.8
	A. sativa
	808.3
	A. integrifolia 
	363.8

	F. candida
	118.8
	A. sativa
	538.8
	Microbial biomass
	1223.7
	H. aculeifer
	259.5
	I. viridis
	911.0
	Nitrification
	391.1

	A. sativa
	124.8
	Nitrification
	627.7
	H. aculeifer
	1410.5
	F. candida
	286.2
	L. esculentum
	1148.0
	A. sativa
	396.0

	SIR
	132.5
	L. esculentum
	652.9
	F. candida
	1555.8
	SIR
	310.7
	Nitrification
	1170.4
	L. esculentum
	425.4

	F. fimetaria
	174.1
	H. aculeifer
	824.2
	SIR
	1933.3
	H. radicata
	361.8
	H. radicata
	1245.7
	H. aculeifer
	537.0

	H. radicata
	192.3
	H. radicata
	830.4
	Respiration
	1999.9
	F. fimetaria
	419.6
	H. aculeifer
	1449.2
	F. candida
	592.3

	Ammonification
	262.9
	F. candida
	909.2
	MR
	2176.5
	Ammonification
	694.4
	F. candida
	1598.5
	H. radicata
	610.3

	Respiration
	268.6
	F. fimetaria
	1333.0
	F. fimetaria
	2281.1
	Respiration
	2125.9
	F. fimetaria
	2343.7
	F. fimetaria
	868.5

	MR
	292.3
	Ammonification
	2487.9
	Ammonification
	4502.5
	MR
	2313.7
	Ammonification
	4639.0
	Ammonification
	1550.2


- Summary

The main physico-chemical variable mitigating chronic Cu toxicity in soils, i.e. CEC, varied between 2.4 and 36.0 cmol/kg for the different selected scenarios. This results in HC5-50 values for the different scenarios ranging between 20.4 and 172.8 mg/kg depending on the CEC (and OM, clay content and pH) of the soils (Figure 3‑33). An overview of the HC5-50 added for the different scenarios is given in the Appendix S2.
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Figure 3‑33    Overview of the SSDs for the different soil scenarios as a function of the CEC (and OM; clay and pH) content. a) best fitting curves and b) log-normal distribution curves
Sensitivity analysis

A sensitivity analysis was made of the influence of 

1) the use of different models for the normalisation of the invertebrates and plants data

2) the use of different default background values in the ecotoxicity tests with missing background values. The analysis was made for 2 soil scenarios: the Swedish acid sandy soil scenario and the Spanish loamy soil scenario. These soils are expected to be more sensitive to a sensitivity analysis as they have properties near the 10P-90P of the EU frequency distribution of soil properties or properties near the boundaries of the models.
Influence of the use of different slopes for higher plants on the HC5 setting

Within the trophic level of the higher plants, all individual NOEC values compiled for plants other than tomato (L. esculentum) were normalised using the regression model with the smallest CEC slope (i.e. 0.69). When normalising toxicity data, the use of the lowest slope is usually the most conservative approach. The contrary is only true when normalising the toxicity data to very sensitive soils. A sensitivity analysis comparing the effect of both slopes on the HC5 setting was performed and revealed similar HC5 values for both soil scenarios. Normalisation of the higher plants using the highest CEC slope (i.e. 0.96) revealed a similar log-normal SSD (Figure 3‑34 ) resulting in very similar normalised HC5 values for the selected scenarios. Indeed, using the lowest slope in the acid sandy soil scenario resulted in a HC5 of 25.6 mg/kg while the highest slope resulted in a HC5 of 23.5 mg/kg. Similar conclusions could be formulated from the results of the loamy soil scenario, using the lowest or highest higher plant slope both resulted in a HC5 of 80.0 mg/kg.
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Figure 3‑34    Soil specific species/process sensitivity distributions for 2 selected scenarios,i.e.Swedish acid sandy soil (above) and Spanish loamy soil (below): a) using the lowest slope for higher plants; b) using the highest slope for higher plants. 
Influence of the use of different slopes for invertebrates on the HC5 setting

Within the trophic level of the invertebrates, all individual NOEC/EC10 values compiled for soft-bodied invertebrates were normalised using the E fetida model while all hard-bodied invertebrates were normalised using the F candida model. A sensitivity analysis is made using two different approaches, i.e. using the slope from E. fetida to normalise all invertebrates data and using the slope from F. candida to normalise all invertebrates data. The results revealed, for both soil scenarios, similar HC5 values (derived from log-normal distributions) when the lowest slope (from soft-bodied organisms) was applied to all invertebrates and when using the specific slopes. Indeed, using the lowest slope for invertebrates in the acid sandy soil scenario resulted in a HC5 of 25.9 mg/kg while using the specific regression slope (hard- versus soft-bodied regression) resulted in a HC5 of 25.6 mg/kg. For the loamy soil scenario i.e. using the lowest slope resulted in a HC5 of 78.8 mg/kg while using the specific regression slope (hard- versus soft-bodied regression) resulted in a HC5 of 80.0 mg/kg. A more substantial difference in HC5 is observed when the highest slope for all other invertebrates is used compared to the specific regression slope. This difference is most accentuated when the toxicity data were normalised towards very sensitive conditions like those occurring in the acid sandy soil scenario where a HC5 of 18.0 mg/kg (versus 25.6 mg/kg) is observed when using the highest invertebrate slope while a HC5 of 75.5 mg/kg (versus 80.0 mg/kg) is observed in the Spanish scenario (Figure 3‑35 and Figure 3‑36). The difference in HC5 is caused by a considerable overestimation of the toxicity of the hard-bodied organisms using the slope of the soft-bodied organisms. 
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Figure 3‑35    Soil specific species/process sensitivity distributions for 2 selected soil scenarios,i.e.Swedish acid sandy soil (above),and Spanish loamy soil (below): a) using the specific regression models (hard versus soft bodied); b) using the soft bodied slope for all other invertebrates
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Figure 3‑36    Soil specific species/process sensitivity distributions for 2 selected soil scenarios,i.e.Swedish acid sandy soil (above) and Spanish loamy soil (below): a) using the specific regression models (hard versus soft bodied); b) using the hard bodied slope for all other invertebrates
Influence of the use of different background concentrations for natural soils on the HC5 setting

Predictions of Cu background concentrations for ecotoxicity tests performed in natural soils (other than LUFA soils) but of which the background concentration was not reported, were based on the median ambient value reported from natural forest soils in Europe (see report on ‘Data analysis and PEC derivation of copper concentrations in European soils, 2005’), i.e. 10.7 mg Cu/kg. A sensitivity analysis on the choice of Cb is performed using the PEC ambient Cu concentrations in natural soils (24.4 mg Cu/kg) and using the typical ambient Cu concentration in natural soils (10.7 mg Cu/kg). Both approaches gave similar SSDs (Figure 3‑37) and HC5 values. Normalisation of the SSD (log-normal) using a Cu background concentration of 24.4 mg/kg resulted for the the acid sandy soil scenario in a HC5 of 26.0 mg/kg (versus 25.6 mg/kg using the Cu background concentration of 10.7 mg/kg) and for the loamy soil scenario in a HC5 of 81.0 mg/kg (versus 80.0 mg/kg using the Cu background concentration of 10.7 mg/kg).
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Figure 3‑37    Soil specific species/process sensitivity distributions for 2 selected scenarios,i.e.Swedish acid sandy soil (above) and Spanish loamy soil (below): a) using the background concentration of 10.7 mg/kg; b) using the background concentration of 24.4 mg/kg.
Predictions of Cu background concentrations for ecotoxicity tests performed in LUFA soils with missing background concentration were based on the median ambient value reported for those soils, i.e. 5.2 mg/kg. However, literature reported a range of Cu background concentration in LUFA soils varying between 0.8 and 17.1 mg/kg. A sensitivity analysis on the choice of Cb is performed using both the median and the lowest Cu background for the LUFA soils. No effects of using different background concentrations for the LUFA soils are observed for the selected soil scenarios. Normalisation of the SSD using a Cu background concentration for LUFA soils of 0.8 mg/kg resulted for the the acid sandy soil scenario in a HC5 of 25.5 mg/kg (versus 25.6 mg/kg using the Cu background concentration for LUFA soils of 5.2 mg/kg) and for the loamy soil scenario in a HC5 of 79.8 mg/kg (versus 80.0 mg/kg using the Cu background concentration for LUFA soils of 5.2 mg/kg) (Figure 3‑38).
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Figure 3‑38    Soil specific species/process sensitivity distributions for 2 selected soil scenarios,i.e.Swedish acid sandy soil (above) and Spanish loamy soil (below): a) using the LUFA background concentration of 5.2 mg/kg; b) using the background LUFA concentration of 0.8 mg/kg.
3.2.5.7 Uncertainty analysis

For data-rich substances, the use of the statistical extrapolation method is preferred for PNEC derivation rather than the use of an assessment factor on the lowest NOEC. Based on uncertainty considerations the London workshop recommended to apply an additional assessment factor on the 50% confidence value of the 5th percentile value (thus PNEC = 5th percentile value/AF), with an AF between 5 and 1, to be judged on a case by case basis. Based on the available data, the following points have to be considered when determining the size of the assessment factor:

The overall quality of the database and the end-points covered, e.g., if all the data are generated from “true” chronic studies;

The Cu-database covered only ecological relevant endpoints. The selected endpoints were all relevant to assess effects at population level: mortality, yield, reproductive dry matter, seed biomass and root length for the plant tests; mortality, reproduction, hatching, growth, abundance, fragmentation and maturity index for the invertebrates; process measurements (i.e. respiration, N-mineralisation, nitrification), microbial biomass for the microbial processes.
The NOEC/EC10 data were extracted from tests performed in a variety of natural/artificial soils, covering a wide range of the soil characteristics in Europe (background concentrations, pH value, organic carbon, clay, CEC). An in depth analysis of the physico-chemical characteristics encountered in the ecotoxicological tests can be found in section 3.2.5.5. It could be concluded that the Cu-data properly reflect the variability in physico-chemical conditions encountered in European soils (Table 3‑15).

Data are either from tests focusing on sensitive life stages (eg. root elongation, reproduction) or from “chronic exposure” (eg. growth, mortality). For plants, exposure times up to 150 days are found for the tests with Avena sativa, 105 days for Polygonum convolvulus and 102 days for Lolium perenne. For the invertebrates, exposure times up to 90 days were noticed for Dendrobaena rubida and 110 days for Lumbriculus rubellus. Much higher exposure times were noticed for the tests performed with microbes: up to 540 days for the tests measuring glutamic acid decomposition. Even higher exposure times up to 630 days were used for tests measuring the microbial respiration.

The diversity and representativeness of the taxonomic groups covered by the database;

From the extracted data, it seems that the Cu-database do fulfill the requirement of 10-15 different NOEC values (preferably more than 15) from chronic/long term studies for different species covering at least 8 different taxonomic groups from 3 trophic levels. Indeed, 77 individual NOEC values for the microbial processes, 67 individual NOEC values for the plants and 108 individual values for the invertebrates resulting in 28 different ‘species/process mean’ NOEC values were compiled from the database.

Plants: 67 NOEC/EC10 values; monocotyle and dicotyle plants including agricultural and wild species belonging to 9 different species and 5 different families (Polygonum convolvulus – family of the Polyonaceae; Lycopersicon esculentum – family of the Solanaceae; Hordeum vulgare, Avena sativa, Pao annua – family of the Poaceae; Senecio vulgaris, Andryala integrifolia, Hypochoeris radicata – family of the Asteraceae; Lolium perenne – family of the Gramineae)

Invertebrates: 108 NOEC/EC10 values; hard and soft bodied organisms with different exposure routes and feeding strategies belonging to 10 different species and 6 different families (i.e. the Eisenia andrei, Eisenia fetida, Lumbricus rubellus belonging to the family of the Lumbricidae; Cognettia sphagnetorum to the family of the Enchytraedae; Isotoma viridis, Folsomia candida, Folsomia fimetaria to the family of the Isotomidae; Hypoaspis aculeifer to the family of the Laelapidae, Platynothrus peltifer to the family of the Camisiidae, Plectus acuminatus to the family of the Plectidae). 

Microbial processes: 77 NOEC/EC10 values; 9 different endpoints representing the C- and N-cycle and measurement of microbial biomass are available (i.e. maize induced respiration, substrate induced respiration, litter decomposition, glutamic acid decomposition, N-mineralisation, denitrification, nitrification, ammonification, biomass C, biomass N).
Statistical uncertainties around the 5th percentile estimate, e.g., reflected in the goodness-of-fit or the size of confidence interval around the 5th percentile; 

Different distributions have been evaluated for different soil types or scenarios. Both statistical (e.g. Kolmogorov-Smirnov, Andersen-Darling tests) and visual (e.g. Q-Q plots) goodness-of-fit techniques were used in order to select the most appropriate distribution function for the compiled chronic data set. The final distribution function was eventually selected on the basis of the Anderson-Darling goodness-of-fit test as this test highlights differences between the tail of the distribution (lower tail is the region of interest) and the input data. A comparison was made of the uncertainty around the HC5 between the best fitting distribution and the log-normal distribution. Based on this analysis, the best fitting distribution is proposed for the HC5-50 derivation as it gives the smallest statistical uncertainties on the 5th percentile (HC5). This is reflected in the small difference between the HC5 and the HC5-50 (see table Table 3‑20 which is on average a factor 1.2 (ranging between a factor 1.0 to 1.3 depending the soil scenario) and the small difference between the HC5-50 and HC5-95 which is on average a factor 1.2 (ranging between a factor 1.1 to 1.4 depending the soil scenario). For the log-normal distribution, the difference between HC5 and HC5-50 is 1 and between HC50 and HC95 ranges beteen 1.3 and 1.5 with an average of 1.4.
Evaluation of NOEC values below the HC5-50
A comparison of the normalized HC5-50 values with the normalized NOEC values for 6 typical EU soil scenarios, shows that only one out of the 28 NOEC values (Plectus acuminatus) falls below the HC5-50 derived from the SSD. This is not the case for all soil types but for 5 of the 6 soil types. The NOEC value is a factor 1.0 to 1.4 times below the HC5-50. The effect of Cu on reproduction of Plectus acuminatus was investigated in one study. The LOEC value for this species is 3-times higher than the NOEC. At the LOEC value 14% effect is found. The LOEC value is for all soil types well above the HC5-50. It should further be noted that no standard test protocol is available for this species, several technical problems occur including recovery of organisms added which render interpretation of the data difficult. This was also noted in this study in which only 54 of the 100 adult control animals were recovered in the control soils. 
Comparisons between field/microcosm studies and the 5th percentile to evaluate the laboratory to field extrapolation

The method to derive the PNEC for copper to terrestrial organisms typically relies on the use of single species tested in freshly laboratory spiked soils. Validation of the proposed HC5-50 could be carried out by comparing this HC5-50 value with NOEC values from single-species tests performed in aged field soils and multi-species experiments using laboratory and aged field soils. An overview of the single-species field and multi-species (microcosm) field and lab data is provided in Table 3‑22 and Table 3‑24, respectively. 

The single species ecotoxicity data from aged field soils can be normalised towards specific soil characteristics or soil scenarios. As all soils were already aged, no additional L/A correction was applied.

The currently available regression models as described in section 3.2.5.6.2 were developed for single species and therefore do not account for potential multi-species interactions. It was therefore decided not to normalise the multi-species microcosm data. However as often no appropriate equilibration time between the soil spiking and testing was applied in the microcosm studies, correction for ageing using the generic L/A of 2 was used when appropriate.

Single species tests in aged field soils 
From the available literature, 8 individual high quality papers were found on single species and micro-organisms functions tested in 12 different aged field soils. An overview of the NOEC/EC10 values is provided in Table 3‑22.
Table 3‑22  Overview of single species NOEC values in aged field soils for higher plants, microbial processes and invertebrates

	
	
	
	
	
	
	
	
	
	
	
	Added NOEC
	Total NOEC

	Test subst.
	Organism
	Medium
	pH
	OM
	clay
	Cb
	CEC**
	Equil. Period
	Duration
	Endpoint
	NOEC or EC10
	Unbounded NOEC
	NOEC or EC10
	Unbounded NOEC

	
	
	
	
	%
	%
	mg/kgdw
	cmol/kg
	d
	d
	
	mg/kgdw
	mg/kgdw
	mg/kgdw
	mg/kgdw

	CuSO4
	Raphanus sativus
	Mesisol-peat
	5.11
	14.7
	
	22,4
	150
	7 years
	to maturity
	NOECy(l)
	338
	
	360
	

	CuSO4
	Raphanus sativus
	Mesisol-peat
	5.11
	14.7
	
	22,4
	150
	7 years
	to maturity
	NOECy(r)
	338
	
	360
	

	CuSO4
	Raphanus sativus
	Mesisol-muck
	5.89
	26
	
	152
	165
	7 years
	to maturity
	NOECy(l)
	
	≥1035
	
	≥ 1187

	CuSO4
	Raphanus sativus
	Mesisol-muck
	5.89
	26
	
	152
	165
	7 years
	to maturity
	NOECy(r)
	
	≥1035
	
	≥1187

	
	
	
	
	
	
	
	
	
	
	Belanger et al., 1987 [1] 

	CuCl2
	Eisenia fetida
	Sandy clay
	6.5-7.0
	3.9-5.5
	13-16
	15
	10-13
	> 70 years
	21
	NOECm
	
	≥1,354
	
	≥ 1,369

	CuCl2
	Eisenia fetida
	Sandy clay
	6.5-7.0
	3.9-5.5
	13-16
	15
	10-13
	> 70 years
	21
	NOECr
	196
	
	211
	

	
	
	
	
	
	
	
	
	
	
	Scott-Fordsmand et al., 2000b [2]

	CuCl2
	Folsomia fimetaria
	Sandy clay
	6.5-7.0
	3.9-5.5
	13-16
	15
	10-13
	> 70 years
	21
	NOECm
	
	≥ 2,897
	
	≥ 2,912

	CuCl2
	Folsomia fimetaria
	Sandy clay
	6.5-7.0
	3.9-5.5
	13-16
	15
	10-13
	> 70 years
	21
	NOECg
	
	≥ 2,897
	
	≥ 2,912

	CuCl2
	Folsomia fimetaria
	Sandy clay
	6.5-7.0
	3.9-5.5
	13-16
	15
	10-13
	> 70 years
	21
	NOECr
	
	≥ 2,897
	
	≥ 2,912

	CuCl2
	Folsomia fimetaria
	Sandy clay
	6.5-7.0
	3.9-5.5
	13-16
	15
	10-13
	> 70 years
	21
	NOECj size
	
	≥ 2,897
	
	≥ 2,912

	
	
	
	
	
	
	
	
	
	
	Scott-Fordsmand et al., 2000a [3] 

	CuSO4
	Zea mays
	Loamy sand
	3.86
	1.6
	
	18.6
	1.2 *

(at pH 3.9)
	Several months
	145
	NOECy(s)
	
	<34
	
	<52.6

	CuSO4
	Zea mays
	Loamy sand
	4.96
	1.6
	
	18.6
	2.1
	Several months
	145
	NOECy(s)
	34
	
	52.6
	

	CuSO4
	Zea mays
	Loamy sand
	5.7
	1.6
	
	18.6
	2.7*

(at pH 5.7) 
	Several months
	145
	NOECy(s)
	34
	
	52.6
	

	CuSO4
	Zea mays
	Loamy sand
	6.23
	1.6
	
	18.6
	3.1
	Several months
	145
	NOECy(s)
	64.6
	
	83.2
	

	
	
	
	
	
	
	
	
	
	
	Lexmond, 1980 [4] 

	CuCl2
	Hordeum vulgare
	Sandy clay

Hygum
	5.4
	3.3
	23
	21
	6.7
	>70 years
	4
	NOECrl
	731
	
	752
	

	CuCl2
	Hordeum vulgare
	Loamy sand Wageningen A
	4.3
	2.2
	9
	19
	1.2
	>20 years
	4
	NOECrl
	42
	
	74
	

	CuCl2
	Hordeum vulgare
	Loamy sand Wageningen D
	5
	2.3
	9
	19
	1.9
	>20 years
	4
	NOECrl
	
	>131
	
	>150

	CuCl2
	Hordeum vulgare
	Sand

Woburn salt
	6.5
	1.7
	8
	13
	8.4
	>8 years
	4
	NOECrl
	147
	
	160
	

	CuCl2
	Hordeum vulgare
	Sand

Woburn cake
	6.5
	2.5
	8
	35
	11.6
	>8 years
	4
	NOECrl
	26
	
	61
	

	CuCl2
	Lycopersicon esculentum
	Sandy clay

Hygum
	5.4
	3.3
	23
	21
	6.7
	>70 years
	28
	NOECy(s)
	
	>804
	
	>825

	CuCl2
	Lycopersicon esculentum
	Loamy sand Wageningen A
	4.3
	2.2
	9
	19
	1.2
	>20 years
	28
	NOECy(s)
	42
	
	61
	

	CuCl2
	Lycopersicon esculentum
	Loamy sand Wageningen D
	5
	2.3
	9
	19
	1.9
	>20 years
	28
	NOECy(s)
	
	>131
	
	>150

	
	
	
	
	
	
	
	
	
	
	Rothamsted research, 2004 [5] 

	Cu-salt
	Microbial biomass
	Sandy loam field soil
	6.5
	3.05
	9
	12
	10.1
	4-8 years
	4-8 years
	
	
	
	
	<209

	
	
	
	
	
	
	
	
	
	
	Chanders and Brookes (1993) [6] 

	CuCl2
	Nitrification
	Sandy clay

Hygum
	5.4
	3.3
	23
	21
	6.7
	>70 years
	11
	
	
	>804
	
	>825

	CuCl2
	Nitrification
	Loamy sand Wageningen A
	4.3
	2.2
	9
	19
	1.2
	>20

years
	28
	
	
	>85
	
	>104

	CuCl2
	Nitrification
	Loamy sand Wageningen D
	5
	2.3
	9
	19
	1.9
	>20

years
	14
	
	79
	
	98
	

	CuCl2
	Nitrification
	Sand

Woburn salt
	6.5
	1.7
	8
	13
	8.4
	>8 years
	14
	
	
	>178
	
	>191

	CuCl2
	Nitrification
	Sand

Woburn cake
	6.5
	2.5
	8
	35
	11.6
	>8 years
	14
	
	
	>161
	
	>196

	CuCl2
	Glucose respiration
	Sandy clay

Hygum
	5.4
	3.3
	23
	21
	6.7
	>70 years
	4
	
	
	>804
	
	>825

	CuCl2
	Glucose respiration
	Loamy sand Wageningen A
	4.3
	2.2
	9
	19
	1.2
	>20 years
	4
	
	13
	
	32
	

	CuCl2
	Glucose respiration
	Loamy sand Wageningen D
	5
	2.3
	9
	19
	1.9
	>20 years
	4
	
	
	>131
	
	>150

	CuCl2
	Glucose respiration
	Sand 

Woburn salt
	6.5
	1.7
	8
	13
	8.4
	>8 years
	4
	
	
	>178
	
	>191

	CuCl2
	Glucose respiration
	Sand

Woburn cake
	6.5
	2.5
	8
	35
	11.6
	>8 years
	4
	
	
	>161
	
	>196

	CuCl2
	Maize respiration
	Sandy clay

Hygum
	5.4
	3.3
	23
	21
	6.7
	>70 years
	28
	
	
	>804
	
	>825

	CuCl2
	Maize respiration
	Wageningen A
	4.3
	2.2
	9
	19
	1.2
	>20 years
	28
	
	
	>85
	
	>104

	CuCl2
	Maize respiration
	Wageningen D
	5
	2.3
	9
	19
	1.9
	>20 years
	28
	
	
	>131
	
	>150

	CuCl2
	Maize respiration
	Sand 

Woburn salt
	6.5
	1.7
	8
	13
	8.4
	>8 years
	28
	
	147
	
	160
	

	CuCl2
	Maize respiration
	Sand

Woburn cake
	6.5
	2.5
	8
	35
	11.6
	>8 years
	28
	
	
	>161
	
	>196

	
	
	
	
	
	
	
	
	
	
	University of Leuven research, 2004 [5] 

	CuCl2
	Eisenia fetida
	Sandy clay

Hygum
	5.4
	3.3
	23
	21
	6.7
	>70 years
	28
	NOECr
	
	>804
	
	>825

	CuCl2
	Folsomia candida
	Sandy clay

Hygum
	5.4
	3.3
	23
	21
	6.7
	>70 years
	28
	NOECr
	804
	
	845
	

	CuCl2
	Folsomia candida
	Wageningen A
	4.3
	2.2
	9
	19
	1.2
	>20 years
	28
	NOECr
	85
	
	104
	

	CuCl2
	Folsomia candida
	Wageningen D
	5
	2.3
	9
	19
	1.9
	>20 years
	28
	NOECr
	121
	
	140
	

	CuCl2
	Folsomia candida
	Sand

Woburn cake
	6.5
	2.5
	8
	35
	11.6
	>8 years
	28
	NOECr
	122
	
	157
	

	
	
	
	
	
	
	
	
	
	
	University of Ghent research, 2004 [5] 


NOEC indices for higher plants: rl=root length, y = yield (based on shoot (s), roots (t), leaves (l)). NOEC indices for invertebrates: m=mortality, r= reproduction, g=growth, j size: juvenile size
*: measured CEC concentrations by the University of Leuven

** If the CEC was missing from a test with plants/invertebrates/micro-organisms, then it was estimated (values indicated in italics) from % clay, pH and %organic matter using an experimentally derived regression model: CEC=(30+4.4 pH)*clay/100+(-34.66+29.72 pH)*OM/100; the clay is the % clay in the soil (Helling et al., 1964; regression based on CEC measured at various pH values on 60 different soils; CEC refers to the CEC measured at the soil pH).
Footnote: field toxicity data

(1( Belanger et al. (1987). Raphanus sativus L. (radish).  Statistics: Duncan's new multiple range test. Soil type: non EU, organic soils: (A) Typic Mesisol-peat: pH 5.11, %OM 14.7, CEC=150 cmol/kg, Cb = 22.4 mg/kg; (B) Limnic Mesisol humic-muck: pH 5.89, %OM 25.96, CEC=165 cmol/kg, Cb = 151.8 mg/kg. No indication is given on how the test compound (CuSO4) was added. Test concentration (measured): (A) 22.41(control)-126-360-1177; (B) 152(control)-265-488-1187. Test conditions: microplots at the Agriculture Canada Experimental Farm, Québec. Crop fertilised with NPK 5-15-30 at the rate of 880 kg/ha NPK. NOEC's are the highest concentrations showing no statistically significant effect compared to the control.

Exposure parameters: (a) yield leaves (kg dry matter/plot) (b) yield roots (kg dry matter/plot)

Equilibration time: 7 years

Exposure period: at harvest (growing period not given)

Reliability: high quality added NOEC value is 338 mg/kg (yield of leaves and yield of roots) or total NOEC is 360 mg/kg in field A. Unbounded NOEC values ( >1035 mg/kg added or > 1187 mg/kg total) were found in field B. 
[2] Scott-Fordsmand et al. (2000b). Eisenia fetida. Statistics: studentized range test (NOEC). Soil type: EU soil: sandy clay soil: pH 6.5-7.0, %OM 3.9-5.5, %clay 13-16, Cb = 15 mg/kg. Two exposure regimes: regime A: Test compound (CuCl2) added at 0-50-100-300-700-1400 mg/kg. B: soil samples taken along a gradient in the field contaminated with Cu more than 70 years before (Hygum field), 15-67-211-421-829-1369 mg Cu/kg. Experiments were conducted in containers containing 600 g moist soil (500 g dry soil) and 10 worms. Experiments were run at 20°C with a 12h/12h light/dark regime. Horse manure was used as food source. NOEC is the highest tested concentration showing no statistically inhibition compared to the control.

Exposure parameter: growth, mortality, reproduction

Equilibration time: (A) 1 day; (B) > 70 years

Exposure time: 21 days

Reliability: a high quality NOEC value for the endpoint reproduction in the field contaminated soil was derived of 196 mg/kg added or 211 mg/kg total. For the endpoint mortality, an unbounded NOEC was found.

[3] Scott-Fordsmand et al. (2000a). Folsomia fimetaria. Statistics: studentized range test (NOEC). Soil type: EU soil: sandy clay soil: pH 6.5-7.0, %OM 3.9-5.5, %clay 13-16, Cb = 15 mg/kg. Two exposure regimes: regime A: Test compound (CuCl2) added at 0-200-400-600-800-1000-2000-3000 mg/kg. B: soil samples taken along a gradient in the field contaminated with Cu more than 70 year before, 15-568-954-1495-2095-2672-2912 mg Cu/kg. Experiments were conducted in microcosms containing 30 g moist soil (25.75 g dry soil) and 20 adult Collembola. Experiments were run at 20°C with a 12h/12h light/dark regime. Dried Bakers’ yeast was used as food source. NOEC is the highest tested concentration showing no statistically inhibition compared to the control.

Exposure parameter: growth, mortality, reproduction

Equilibration time: (A) 1 day; (B) >70 years

Exposure time: 21 days

Reliability: Unbounded NOEC values in the field contaminated soil were found for all endpoints : > 2897 mg/kg added or > 2912 mg/kg total for reproduction, growth and mortality.
[4] Lexmond (1980) performed a field test with Zea mays (maize). The tested soil is a loamy sand (Nl) with a pH varying between 3.86 and 6.23, an organic matter content of 1.6%, a CEC of 3.6 cmol/kg at pH7 or of 1.2 to 3.1 cmol/kg at soil pH and a background Cu concentration of 18.6 mg/kg. The test compound was CuSO4 of which half of the amount was applied in October 1977 and worked in with a rotary tiller, in January 1978 the field was ploughed, and in March the other half of the amount was applied and worked in. The measured concentrations (0.43N HNO3 extraction) were: 10 (control)-42-71-102 mg/kg. The authors also measured the total concentration using a mixture of HNO3, HClO4 and H2SO4 and derived the following relationship between the measured Cu contents: Cu-HNO3 = -7.2 + 0.94*total Cu. Using this equation, total concentrations are 18.6 (control), 52.6-83.2 and 116.3 mg Cu/kg. The maize was sown in May 1978 (density 107500 seeds ha-1), fertilization (per hectare) was applied at 60 kg P2O5, 120 kg K2O, 75 kg MgO, 150 kg + 100 kg N, the maize was harvested in September. The exposure period was 145 days. The added NOECs (i.e. the highest added tested concentration with ≤ 10% inhibition compared to the control) for the endpoint yield was respectively 34 mg added Cu/kg for the soils with pH 4.96 and 5.7 and 64.6 mg added Cu/kg for the soil with  pH 6.33. An unbounded NOEC of <34 mg added Cu/kg was observed for the soil with the lowest pH of 3.86. The authors noted however also reduced yield in the control soil of the latter and reported symptoms of manganese toxicity. The reliability of the dose-response in this very acid soil is so questionable.
[5] University of Ghent/University of Leuven & Rothamsted research. 2004. In accordance with the specific influence of soils on copper toxicity (see previous section) the lab to field differences have been investigated for different soil types in the ICA/ECI research programme. Copper toxicity has been studied under lab conditions (after 1-time spiking with a solution of soluble copper) and under field conditions (on specific soils which had been contaminated up to high levels from year-long copper accumulation). 

One copper contaminated site was sampled in Hygum (Denmark; soil 1). This site has a sandy clay soil and was contaminated more than 70 years ago from a wood impregnation facility. The second site was a field experiment at Wageningen (The Netherlands). The experimental design was a randomized block of 4 levels of pH (in KCl; 4.1, 4.7, 5.4, and 6.1), with 4 levels of copper contamination (0, 250, 500, and 750 kg Cu/ha). Copper was added as CuSO4.5H2O, and the pH was adjusted by adding flower of sulphur or ground calcitic limestone in the autumn of 1982.  A 3-year crop rotation of potatoes, maize and sugar beet is being practiced since then. All four copper treatments at the lowest and highest pH (treatments A and D, respectively; soil 2 and 3) were used in the lab-to-field analysis. The third transect originated from Woburn, i.e. Woburn metal salts MS (soil 4) and Woburn sludge cake C (soil 5). An overview of the characteristics of the field soils used in this assessment is provided in Table 3‑23:

Table 3‑23  Soil characteristics of the field soils used to derive the L/A factor

	Soil
	Sand %
	Silt %
	Clay %
	Texture
	pH
	OC

(g C/kg)
	Cb (mg/kg)
	CEC (cmol/kg)

	Hygum
	66
	10
	23
	Sandy clay loam
	5.4
	21.3
	21
	6.7

	Wageningen A
	90
	2
	9
	Loamy sand
	4.3
	14.0
	19
	1.2

	Wageningen D
	90
	2
	9
	Loamy sand
	5
	14.5
	19
	1.9

	Woburn MS
	80
	12
	8
	Sandy
	6.5
	11
	13
	8.4

	Woburn C
	80
	12
	8
	Sandy
	6.5
	16
	35
	11.6


[6] Chanders and Brookes (1993) investigated the effect of Cu applied through sewage sludge in field conditions on the microbial biomass. The tested soil is sandy loam (UK) with a pH of 6.5, an organic matter content of 3.05% and a background Cu concentration of 12 mg/kg. The test compound a Cu-salt was added to sewage sludge and mixed. In 1982 sludge was applied on the plots at 100T/ha (dry solids). Soil metal concentrations achieved were lower than anticipated and further additions of naturally-contaminated sludge with high Cu content were made in 1983 to achieve the required Cu levels in soil. The Cu-concentrations were: 19 (control-uncontaminated sludge)-197-415-690 mg/kg. The experimental design was a randomized block with 2 replicates. Various arable crops, including barley, Italian rye grass and sugar beet were grown until 1985. Then only barley was grown until 1988 when all plots were sown with clover. Sulphur was added as appropriate during the winter of 1987-1988 to adjust the soil pH to about 7. Soil samples were taken in February 1990, incubated for 7 days over soda lime at 25°C to permit uniform rewetting and to allow microbial activity to settle down. Soil microbial biomass C was measured after 7 days incubation. More than 10% effect was found at the lowest concentration tested. Further increasing levels of Zn were found with increasing levels of Cu in the soil samples. No reliable NOEC can be derived.

Multi species tests in freshly spiked and field contaminated soils
Mesocosm/microcosm studies allow studying ecologically more relevant endpoints compared to the single species tests because they focus on populations and communities instead of individuals. Therefore it is proposed to give preference to structural and functional endpoints when such data is available. Structural endpoints relate to the abundance and biomass of all populations and their spatial, taxonomic and trophic organisation (Brock & Budde, 1994). Functional endpoints are related to all aspects of non-living materials processed by the structure, e.g. repiration rate, nutrient levels (Kersting, 1994). Toxicity data on individual species/taxa could also be used but only in case data on structural and functional endpoints are not available. From the available literature 5 multi-species studies were found, of which 3 multi-species studies using freshly spiked soils and 2 multi-species studies using field contaminated soils. A short description of the multi-species microcosm studies is provided in Table 3‑24.
Table 3‑24  Overview of the multi-species microcosm NOEC values for microbial processes, plants and invertebrates. 

	
	
	
	
	
	
	
	
	
	
	
	Added NOEC
	Total NOEC

	Test subst.
	Organism
	Medium
	pH
	OM
	clay
	Cb**
	CEC*
	Equil. Period
	Duration
	Endpoint
	NOEC or EC10
	Unbounded NOEC
	NOEC or EC10
	Unbounded NOEC

	
	
	
	
	%
	%
	mg/kgdw
	cmol/kg
	d
	d
	
	mg/kgdw
	mg/kgdw
	mg/kgdw
	mg/kgdw

	CuSO4
	Zea mays
	Field soil 
	3.8-4.0
	3.6
	3
	36.4
	4.5
	10 years
	10 years
	EC10y(s)
	48.2
	
	84.6
	

	CuSO4
	Zea mays
	Field soil 
	4.3
	3.6
	3
	38.9
	5.3
	10 years
	10 years
	EC10y(s)
	42.3
	
	81.2
	

	CuSO4
	Zea mays
	Field soil 
	4.7-5.1
	3.6
	3
	38.9
	6.2
	10 years
	10 years
	EC10y(s)
	75.1
	
	114.0
	

	CuSO4
	Zea mays
	Field soil 
	5.4-5.7
	3.6
	3
	41.4
	7.0
	10 years
	10 years
	EC10y(s)
	99.6
	
	141.1
	

	CuSO4
	Solanum tuberosum
	Field soil 
	3.8-4.0
	3.6
	3
	36.4
	4.5
	10 years
	10 years
	EC10y(tub)
	72.2
	
	108.6
	

	CuSO4
	Solanum tuberosum
	Field soil 
	4.3
	3.6
	3
	38.9
	5.3
	10 years
	10 years
	EC10y(tub)
	71.8
	
	110.7
	

	CuSO4
	Solanum tuberosum
	Field soil 
	4.7-5.1
	3.6
	3
	38.9
	6.2
	10 years
	10 years
	EC10y(tub)
	105.3
	
	144.2
	

	CuSO4
	Solanum tuberosum
	Field soil 
	5.4-5.7
	3.6
	3
	41.4
	7.0
	10 years
	10 years
	EC10y(tub)
	
	>148.6
	
	> 190

	CuSO4
	Nematoda
	Field soil 
	3.8-4.0
	3.6
	3
	36.4
	4.5
	10 years
	10 years
	NOECtot-ab
	47.1
	
	83.5
	

	CuSO4
	Nematoda – bacterial feeding
	Field soil 
	3.8-4.0
	3.6
	3
	36.4
	4.5
	10 years
	10 years
	NOECtrop-ab
	84.6
	
	121.0
	

	CuSO4
	Nematoda – hyphal feeding
	Field soil 
	3.8-4.0
	3.6
	3
	36.4
	4.5
	10 years
	10 years
	NOECtrop-ab
	
	>119.6
	
	>156

	CuSO4
	Nematoda – omnivores
	Field soil 
	3.8-4.0
	3.6
	3
	36.4
	4.5
	10 years
	10 years
	NOECtrop-ab
	
	>119.6
	
	>156

	CuSO4
	Nematoda
	Field soil 
	4.3
	3.6
	3
	38.9
	5.3
	10 years
	10 years
	NOECtot-ab
	54.5
	
	93.4
	

	CuSO4
	Nematoda – bacterial feeding
	Field soil 
	4.3
	3.6
	3
	38.9
	5.3
	10 years
	10 years
	NOECtrop-ab
	
	>134.6
	
	>173.5

	CuSO4
	Nematoda – hyphal feeding
	Field soil 
	4.3
	3.6
	3
	38.9
	5.3
	10 years
	10 years
	NOECtrop-ab
	
	>134.6
	
	>173.5

	CuSO4
	Nematoda – omnivores
	Field soil 
	4.3
	3.6
	3
	38.9
	5.3
	10 years
	10 years
	NOECtrop-ab
	
	>134.6
	
	>173.5

	CuSO4
	Nematoda
	Field soil 
	4.7-5.1
	3.6
	3
	38.9
	6.2
	10 years
	10 years
	NOECtot-ab
	
	> 143.5
	
	>182.4

	CuSO4
	Nematoda – bacterial feeding
	Field soil 
	4.7-5.1
	3.6
	3
	38.9
	6.2
	10 years
	10 years
	NOECtrop-ab
	
	> 143.5
	
	>182.4

	CuSO4
	Nematoda – hyphal feeding
	Field soil 
	4.7-5.1
	3.6
	3
	38.9
	6.2
	10 years
	10 years
	NOECtrop-ab
	
	> 143.5
	
	>182.4

	CuSO4
	Nematoda – omnivores
	Field soil 
	4.7-5.1
	3.6
	3
	38.9
	6.2
	10 years
	10 years
	NOECtrop-ab
	
	> 143.5
	
	>182.4

	CuSO4
	Nematoda
	Field soil 
	5.4-5.7
	3.6
	3
	41.4
	7.0
	10 years
	10 years
	NOECtot-ab
	
	> 148.6
	
	>190

	CuSO4
	Nematoda – bacterial feeding
	Field soil 
	5.4-5.7
	3.6
	3
	41.4
	7.0
	10 years
	10 years
	NOECtrop-ab
	
	> 148.6
	
	>190

	CuSO4
	Nematoda – hyphal feeding
	Field soil 
	5.4-5.7
	3.6
	3
	41.4
	7.0
	10 years
	10 years
	NOECtrop-ab
	
	> 148.6
	
	>190

	CuSO4
	Nematoda – omnivores
	Field soil 
	5.4-5.7
	3.6
	3
	41.4
	7.0
	10 years
	10 years
	NOECtrop-ab
	99.6
	
	141.0
	

	
	
	
	
	
	
	
	
	
	
	Korthals et al., 1996a [1]
	

	CuSO4
	Aporrectodea tuberculata
	silty loam
	6.3
	5
	14
	10.7
	10
	0
	40
	NOECg
	100
	
	110.7
	

	CuSO4
	substrate induced respiration
	silty loam
	6.3
	5
	14
	10.7
	10
	0
	40
	NOEC
	200
	
	210.7
	

	CuSO4
	litter decomposition
	silty loam
	6.3
	5
	14
	10.7
	10
	0
	40
	NOEC
	50
	
	60.7
	

	CuSO4
	Nematoda
	silty loam
	6.3
	5
	14
	10.7
	10
	0
	40
	NOECtot-ab
	400
	
	410.7
	

	CuSO4
	Microbial biomass
	silty loam
	6.3
	5
	14
	10.7
	10
	0
	40
	NOEC
	
	>800
	
	>810.7

	CuSO4
	N-mineralisation
	silty loam
	6.3
	5
	14
	10.7
	10
	0
	40
	NOECtot-ab
	400
	
	410.7
	

	
	
	
	
	
	
	
	
	
	
	Bogomolov et al., 1996 [3]

	CuSO4
	Microarthropoda
	Forest soil
	3.8
	5.9
	11
	19
	6.2
	0
	7
	NOECtot-ab
	229.1
	
	248.1
	

	CuSO4
	Microarthropoda – Prostigmata
	Forest soil
	3.8
	5.9
	11
	19
	6.2
	0
	7
	NOECtrop-ab
	
	>635.8
	
	> 654.8

	CuSO4
	Microarthropoda – Mesostigmata
	Forest soil
	3.8
	5.9
	11
	19
	6.2
	0
	7
	NOECtrop-ab
	
	<90.3
	
	<109.3

	CuSO4
	Microarthropoda – Oribatida
	Forest soil
	3.8
	5.9
	11
	19
	6.2
	0
	7
	NOECtrop-ab
	
	<90.3
	
	<109.3

	CuSO4
	Microarthropoda – Collembola
	Forest soil
	3.8
	5.9
	11
	19
	6.2
	0
	7
	NOECtrop-ab
	
	>635.8
	
	>654.8

	CuSO4
	Microarthropoda - Other
	Forest soil
	3.8
	5.9
	11
	19
	6.2
	0
	7
	NOECtrop-ab
	
	>635.8
	
	>654.8

	CuSO4
	Nematoda
	Forest soil
	3.8
	5.9
	11
	19
	6.2
	0
	7
	NOECtot-ab
	90.3
	
	109.3
	

	CuSO4
	Nematoda -  Fungivores
	Forest soil
	3.8
	5.9
	11
	19
	6.2
	0
	7
	NOECtot-ab
	464.4
	
	483.4
	

	CuSO4
	Nematoda – Bacterivores
	Forest soil
	3.8
	5.9
	11
	19
	6.2
	0
	7
	NOECtot-ab
	
	>635.8
	
	>654.8

	CuSO4
	Nematoda – Herbivores
	Forest soil
	3.8
	5.9
	11
	19
	6.2
	0
	7
	NOECtot-ab
	464.4
	
	483.4
	

	CuSO4
	Nematoda – Omnivores
	Forest soil
	3.8
	5.9
	11
	19
	6.2
	0
	7
	NOECtot-ab
	
	<90.3
	
	<109.3

	CuSO4
	Nematoda - Hatchlings
	Forest soil
	3.8
	5.9
	11
	19
	6.2
	0
	7
	NOECtot-ab
	464.4
	
	483.4
	

	
	
	
	
	
	
	
	
	
	
	Parmelee et al., 1993 [4]

	CuSO4
	Nematoda
	Sandy soil
	4.1
	3.2
	4
	11
	4.8
	0
	7-14
	NOECtot-ab
	100
	
	111
	

	CuSO4
	Nematoda
	Sandy soil
	4.1
	3.2
	4
	11
	4.8
	0
	7-14
	NOECmi
	200
	
	211
	

	CuSO4
	Nematoda – predators/omnivores
	Sandy soil
	4.1
	3.2
	4
	11
	4.8
	0
	7-14
	NOECmi
	<100
	
	<111
	

	
	
	
	
	
	
	
	
	
	
	Korthals*** et al., 1996b [2]

	CuSO4
	Microarthropoda
	Sandy clay -Hygum
	6.7 (6-7.1)
	4.5 (3.6-5.5)
	13.8 (11.8-15.9)
	
	10-13
	>70 years
	>70 years
	NOECtot-ab
	
	
	
	>3000

	CuSO4
	Microarthropoda
	Sandy clay -Hygum
	6.7 (6-7.1)
	4.5 (3.6-5.5)
	13.8 (11.8-15.9)
	
	10-13
	>70 years
	>70 years
	NOECsp-com
	
	
	200
	

	CuSO4
	Collemboles
	Sandy clay -Hygum
	6.7 (6-7.1)
	4.5 (3.6-5.5)
	13.8 (11.8-15.9)
	
	10-13
	>70 years
	>70 years
	EC10div
	
	
	687
	

	
	
	
	
	
	
	
	
	
	
	Pedersen et al (2000) [5]


NOEC indices for invertebrates: tot-ab=total abundance, trop-ab=trophic level abundance, com-ab=community abundance; g= growth, mi= maturity index, div=species diversity, sp-com: species composition; NOEC indices for higher plants: y = yield (based on shoot (s), tubers (tub)).

*: CEC values in italics are calculated values; **estimated Cu background concentration; *** nominal values

Footnote: microcosm toxicity data

Korthals et al. (1996) a & b. According to the authors, composition of the nematode fauna and abundance of trophic groups were sensitive measures for the direct and indirect effects of copper. These structural endpoints have higher ecological relevance and therefore it is proposed not to focus on effects towards individual species/taxa. Besides their lower ecological relevance, the interpretation of such data is not always straightforward as the abundance of some species/taxa are significantly reduced by copper while the number of other species/taxa are found to increase in the presence of copper. Therefore it is proposed to focus on the following endpoints in the EU RAR: 1) abundance of nematode taxa, 2) abundance of trophic groups (e.g. omnivores, carnivores) and 3) maturity index. 

[1] Korthals et al. (1996a) investigated the long term effect of Cu in field conditions on the invertebrates (nematodes: total abundance and trophic level abundance) and higher plants Zea mays (maize yield) and Solanum tuberosum (potato yield). The soil type used in this assessment originates from the Gelderse valley (the Netherlands) and has the following characteristics: pH(KCl) (a) 4.0, (b) pH 4.7, (c) pH 5.4 and (d) pH 6.1, %OM 3.6, %clay 3%. The test compound (CuSO4) was added at 2 occasions and worked in with a rotary tiller in 1982. From 1983 onward a crop rotation of silage maize, starch potatoes and oat was applied on the field plots. Mineral fertilizers were applied yearly.

The experiment was performed 10 years after the copper application (1992). The pH at the time of the experiment was: pH(KCl) (a) 3.8-4.0, (b) pH 4.3, (c) pH 4.7-5.1 and (d) pH 5.4-5.7, The measured copper content of the soil using a weak extraction technique (0.43N HNO3 extraction) at the time of the experiments was (in mg/kg): (a) 25 (control)-65-100-134; (b) 27(control)-78-104-151; (c) 27 (control)-74-108-160; (d) 29 (control)-65-119-168. This extraction technique is used to recover the so called reactive pool. The total amount of Cu (aqua regia) can be derived applying the relationship found by Römkens et al (2004): log (CuHNO3)=-0.331+0.023log (OM%) – 0.171 log(clay%) + 1.152 log(Cuaqua regia). This equation is based on an extensive dataset of more than 1400 soil samples from different soil types and landuses from the Netherlands. Total concentrations ranged between 36.4 and 190 mg Cu/kg.
The experiment was performed in 8 replicas. Statistical analysis of the plant toxicity data was not performed. However, the reported dose response curve allows estimation of the EC10 values using linear regression techniques. The total EC10 (endpoint yield) for maize varied between 81.2 and 141.1 mg Cu/kg depending on the pH of the soil. Somewhat higher total EC10 values were observed for patatoe yield with total EC10 values ranging between 108.6 and >190 mg Cu/kg. Total NOEC values for the nematodes (endpoint total abundance) were found between 83.5 and 125.5 mg Cu/kg for the soils with the low pH (i.e. 3.8-4.0 and 4.3) and of >182.4 and >190 mg Cu/kg for the soils with higher pHs, i.e.4.7-5.1 and 5.4-5.7. NOEC values for both groups of bacterial feeding and hyphal feeding nematodes ranged between 121 and > 190 mg/kg. NOEC values for omnivores nematodes ranged between 141 and > 190 mg/kg depending the soil. In addition, the paper contains toxicity data on individual species/taxa. It seemed that copper indeed reduced the number of some individual species, mainly bacterivore nematodes (e.g. Trichodorus, Basiria, Acrobeloides, Acrobeles, Cervidellus). On the other hand some other species showed an opposite response (e.g. Chiloplacus). Except for 1 single species, NOEC values for all individual species/taxa ranged between 84 and >190 mg/kg. One unbounded NOEC value was reported of < 93.4 mg/kg for the abundance of the species Acrobeles at pH 4.3 (reported as species composition in the article).
As stressed hereabove, and consistent with the aquatic compartment, the toxicity data on single species/taxa are considered less relevant compared to the structural and functional endpoints of mesocom studies. They are therefore not further used in the comparative assessment between the HC5-50 and the mesocosm data.

[2] In another study, Korthals et al. (1996b) investigated in a freshly spiked soil the effects of copper on soil nematodes from different feeding and life-history strategy groups. The soil used was a sandy soil with the following characteristics: pH(KCl) 4.1, %OM 3.2, %clay 4, Cb = 11 mg/kg. A CEC (pH 7) of 3.6 cmol/kg is reported, resulting in a CEC of 4.8 at the pH of the soil. The test compound (CuSO4) was added as aqueous solution and thoroughly mixed with the soil at doses of 0-100-200-400-800-1600 mg Cu/kg. The treated soil was placed in polythene bags, covered against light and kept at 15°C. Nematodes were extracted after 1 and 2 weeks. Proper statistics were used: ANOVA and Tukey’s multiple range test, p<0.05. Analysis of the data with ANOVA detected no major differences between week 1 and week 2. All reported toxicity data are nominal values. Reliable total NOEC values of 111 mg/kg (nematode total abundance) and 211 mg/kg (maturity index) for nematodes were calculated in freshly spiked soil. The effects on omnivores/predators is found to generate a NOEC value <111 mg/kg in freshly spiked soil. In addition, the paper contains toxicity data (as EC50) on individual species/taxa. Copper reduced the number of some individual species mostly at concentrations above 200 mg/kg. A few EC50 values are reported below 200 mg/kg in freshly spiked soil. Some of these reported EC50 values for individual species/taxa (Clarkus and Aporceloionellus species) are unreliable as they were extrapolated below the lowest tested concentration. Again, according to the criteria specified above the toxicity data on single species/taxa are considered less relevant compared to the structural and functional endpoints. They are therefore not further used in the comparative assessment between the HC5-50 and the mesocosm data. 

[3] Bogomolov et al. (1996). The authors examined the effect of copper on both the structure and function of a terrestrial ecosystem. They investigated a variety of biotic components that represent different size classes and trophic levels and occupy different habitats in the soil (microbes, nematodes). Furthermore they also measured ecosystem level processes that are mediated by biotic interactions (N-mineralisation and litter decomposition). It is proposed to focus on the following endpoints in the EU RAR: 1) microbial biomass, 2) substrate induced respiration, 3) total nematode numbers, 4) nitrogen mineralisation and 5) litter decomposition.

The authors used an ecosystem approach to study copper contamination in small laboratory soil microcosms. The soil was a silt loam with 5% organic matter, 14% clay, a pH of 6.3 and a CEC of 10 cmol/kg. The microcosms were treated with CuSO4 at the following concentrations: 0, 50, 100, 200, 400 and 800 mg Cu/kg and kept in a temperature controlled environment (15 °C). All soils were mixed before testing. In addition to the micro-organisms/macro-invertebrates already present in the field collected soil, small earthworms of the species Aporrectodea tuberculata were included in each microcosm. Fourty days after soil treatment samples were taken to determine the numbers of nematodes, microbial biomass, substrate induced respiration and soil enzyme activity. Reliable total NOEC values varying between 60.7 (litter decomposition) and >810 mg Cu/kg (microbial biomass) were found.

[4] Parmelee et al. (1993): This study focusses on the effects of freshly spiked copper on soil fauna communities and trophic structure using nematodes and microarthropods communities. It is proposed to focus on the following endpoints in the EU RAR: 1) Total numbers of nematodes and microarthropods and 2) nematode trophic responses and 3) microarthropod community responses. A horizon of a mature oak-beech forest soil was collected and had the following properties: pH 3.8, %OM 5.9, %clay 11, Cb = 9.6 mg/kg, CEC=6.2 meq/100g (or cmol/kg). The test compound (CuSO4) was added at the following doses: 0-100-200-400-600 mg/kg. The measured copper concentration in the soils, using an HNO3 extraction technique, were  9.6-72-185-399-566 mg Cu/kg. Total copper concentrations (Cuaqua-regia) can be estimated using the equation developed by Romkens et al (2004) log (CuHNO3)=-0.331+0.023log (OM%) – 0.171 log(clay%) + 1.152 log(Cuaqua regia). The added Cuaqua regia concentrations applied at 100-200-400-600 mg/kg were estimated to be 90.3-229.1-464.4-635.8 mg Cu/kg. In addition, a total Cu background concentration of 19.0 mg Cu/kg was estimated. Soil was loosely packed in leach tubes and incubated at room temperature (18-20°C) for 7 days. The data were analysed using proper statistics: ANOVA and the Scheffe test at p= 0.05. Total NOEC values for total abundance for both microarthropods and nematodes in freshly spiked soil are respectively 248.1 mg Cu/kg and 109.3 mg Cu/kg. No effects were found of copper on the prostigmata-microarthropoda, on the collembola-microarthropoda, on the group “other microarthropoda” and on the bacterivores-nematoda at the higest tested concentration (NOEC > 654.8 mg/kg). The same NOEC value of 483.4 mg/kg was found for fungivore-nematoda, herbivore-nematoda and hatchling-nematoda. Significant reduction in omnivore-predator-nematoda, mesostigmatid-microarthopoda and oribatid-microarthropoda are observed at the lowest copper concentrations (NOEC<109.3 mg Cu/kg). 
[5] Pedersen et al. (2000): This paper investigated the effects of copper on soil microarthropods at the population and community levels in a historically contaminated field (>70 years old copper contamination – Hygum field). The soil has the following characteristics: pH(H2O): 6-7.1 (mean 6.7); OM%:3.6-5.5% (mean 4.5%); %clay: 11.8-15.9% (mean: 13.8%). The measured copper concentration in the soil ranged from 50 mg/kg to almost 3000 mg/kg. The weakness of this study is that it lacks a true control. This was compensated by the authors using a gradient and applying multivariate statistics. Soil samples were taken according a regular grid over the field. Sampling points were grouped according to the copper concentration i.e. 5 sampling point groups were identified: 50-199; 200-499; 500-999; 1000-1999 and >2000 mg/kg. No direct effect of copper on total abundance of microarthropods could be found. The authors reported effects of copper on the microarthropods species composition above 200 mg/kg. Mesostigmatic organisms contributed to the difference in species compostion only at soil concentrations above 1000 mg/kg. The reported EC10 for collemboles species diversity (quantified as Shannon-Wiener index) is 687 mg Cu/kg (this EC10 was calculated based on a linear relationship with a r² of 0.39). Effects of copper on individual collemboles species seemed to occur at Cu concentrations > 600 mg/kg (most sensitive species identified were Folsomia quadriculata, Isotomurus palustris and Folsomia fimetaria).
Single-species toxicity data using aged field soils

Ecotoxicity tests included a range of endpoints covering micro-organisms, invertebrates and plants. Soils tested (#12) cover a wide range of European soil types: sandy, peaty soil, sandy loam, sandy clay, loamy sand with a CEC ranging between 1.2 cmol/kg and > 100 cmol/kg. A comparison of the sensitivity of laboratory generated and field toxicity data can only be performed at a similar level of bioavailability (and ageing). Table 3‑25 and Table 3‑26 present respectively the individual species/functions normalised field toxicity data and the normalised endpoint mean data towards the abiotic conditions occurring in the different soil scenarios. The latter values are compared with the soil scenario specific HC5-50 values (Table 3‑20).
Table 3‑25    Single-species/functions data using field contaminated soils normalised towards abiotic conditions occurring in the different soil scenarios. 
	Organisms
	Endpoint
	Non normalised NOEC (mg/kg)
	Normalised NOEC (mg/kg)

	
	
	
	Acid soil Sweden
	Loamy soil The Netherlands
	Peaty soil The Netherlands
	Sandy soil Germany
	Clay soil Greece
	Loamy soil-Spain

	R. sativus

R. sativus

R. sativus

R. sativus
	Yield leaves

Yield roots

Yield leaves

Yield roots
	360

360

>1,187

>1,187
	20.8

20.8

>64.1

>64.1
	89.6

89.6

>276.8

>276.8
	131.9

131.9

>407.2

>407.2
	39.1

39.1

>120.6

>120.6
	134.5

134.5

>415.2

>415.2
	65.9

65.9

>203.4

>203.4

	Belanger et al., 1987

	E. fetida

E. fetida

F. fimetaria

F. fimetaria

F. fimetaria

F. fimetaria
	Mortality

Reproduction

Mortality

Growth

Reproduction

Juvenile size
	>1,369

211

>2,897

>2,897

>2,897

>2,897
	>445.9

68.7

>948.5

>948.5

>948.5

>948.5
	>152.2

235.1

>3244.3

>3244.3

>3244.3

>3244.3
	>2110.1

325.2

>4488.4

>4488.4

>4488.4

>4488.4
	>758.7

116.9

>1613.8

>1613.8

>1613.8

>1613.8
	>2144.8

330.6

>4562.3

>4562.3

>4562.3

>4562.3
	>1177.4

181.5

>2054.4

>2054.4

>2054.4

>2054.4

	Scott-Fordsmand et al., 2000 a&b

	Z. mays

Z. mays

Z. mays

Z. mays
	Yield shoots

Yield shoots

Yield shoots

Yield shoots
	<52.6

52.6

52.6

83.2
	<84.9

48.5

47

74
	<366.5

209.4

360

569
	<539.2

308.1

615

973
	<159.7

91.3

113

179
	<549.8

314.2

632

1000
	<269.4

153.9

234

371

	Lexmond, 1980

	E. fetida

F. candida

F. candida 

F. candida 

F. candida
	Reproduction

Reproduction

Reproduction

Reproduction

Reproduction
	>825

845

104

140

157
	>455

315.4

202.3

175.2

34.6
	>1556

2414.4

1548.8

1341.3

264.9
	>2152

4131.7

2650.5

2295.2

453.2
	>774

760.1

487.6

422.2

83.4
	>2188

4244.9

2423.1

2358.2

465.7
	>1251

1573.0

1009.1

873.9

172.6

	University of Ghent, 2004

	H. vulgare

H. vulgare

H. vulgare

H. vulgare

H. vulgare

L. esculentum

L. esculentum

L. esculentum
	Root length

Root length

Root length

Root length

Root length

Yield shoots

Yield shoots

Yield shoots
	752

74

>150

160

61

>825

61

>150
	370.3

119.4

>176.2

67.4

20.6

>307.9

118.7

>187.7
	1599.3

515.6

>761.1

291.1

88.8

>2357.3

908.5

>1437.1
	2353.1

758.6

>1119.8

428.3

130.7

>4033.9

1554.6

>2459.2
	696.9

224.7

>331.6

126.9

38.7

>742.1

285.9

>452.4
	2399.2

773.5

>1141.8

436.7

133.3

>4144.5

1597.2

>2526.6
	1175.4

378.9

>559.4

214.0

65.3

>1535.8

591.9

>936.3

	Rothamsted research, 2004

	Microbial biomass
	/
	<209
	<168.9
	<311.2
	<2464.3
	<396.0
	<738.9
	<280.5

	Chanders & Brookes, 1993

	/

/

/

/

/

/

/

/

/

/

/

/

/

/

/
	PNR

PNR

PNR

PNR

PNR

SIR

SIR

SIR

SIR

SIR

MR

MR

MR

MR

MR 
	>825

>104

98

>191

>196

>825

32

>150

>191

>196

>825

>104

>150

160

>196
	>277.9

>216.8

125.5

>50.6

>36.9

>358.4

32.8

>148.9

>253.8

>196.5

>630.1

>115.8

>207.6

245.7

>238.6
	>2629.7

>2052.1

1188.1

>479.1

>349.2

>660.5

60.5

>274.4

>467.6

>362.1

>350.3

>64.4

>115.4

136.6

>132.6
	>4759.1

>3713.8

2150.1

>867.0

>631.9

>5230.4

478.9

>2173.3

>3703.2

>2867.7

>4692.6

>862.5

>1545.7

1829.6

>1776.5
	>733.9

>572.7

331.6

>133.7

>97.4

>840.5

77.0

>349.3

>595.1

>460.9

>4988.3

>916.8

>1643.1

1944.9

>1888.5
	>4903.4

>3826.3

2215.3

>893.3

>651.0

>1568.2

143.6

>651.6

>1110.3

>859.8

>578.4

>106.3

>190.5

225.5

>219.0
	>1638.5

>1278.6

740.3

>298.5

>217.6

>595.4

54.5

>247.4

>421.6

>326.5

>702.9

>129.2

>231.5

274.1

>266.1

	University of Leuven, 2004


Table 3‑26    Normalised geometric mean single-species/functions data using field soils towards abiotic conditions occurring in the different  soil scenarios. 
	Organisms/

functions
	Normalised mean NOEC (mg/kg)

	
	Sandy soil –Sweden 

HC5-50 * normalised: 20.4 mg/kg
	Loamy soil –The Netherlands 

HC5-50* normalised: 89.6 mg/kg
	Peaty soil –The Netherlands 

HC5-50* normalised: 172.8 mg/kg
	Sandy soil –Germany 

HC5-50* normalised: 47.6 mg/kg
	Clay soil –Greece 

HC5-50* normalised: 142.4 mg/kg
	Loamy soil -Spain

HC5-50* normalised: 73.1 mg/kg

	R. sativus
	36.4
	157.5
	231.7 
	68.6 
	236.3 
	115.8

	E. fetida
	68.7
	235.1
	325.2
	116.9
	330.6
	181.5

	F. fimetaria
	948.5
	3244.3
	4488.4
	1613.8
	4562.3
	2504.4

	Z. mays
	61.3
	263.3
	577.1
	136.4
	591
	252

	F. candida
	140.2
	1073.6
	1837.2
	338.0
	1887.5
	699.5

	H. vulgare
	101.6
	438.6
	645.3
	191.1
	657.9
	322.4

	L. esculentum
	189.9
	1454.6
	2489.1
	457.9
	2557.4
	947.7

	Microbial biomass
	168.9
	311.2
	2464.3
	396.0
	738.9
	280.5

	PNR
	107.2
	1014.1
	1835.2
	283.0
	1890.9
	631.9

	SIR
	154.3
	284.3
	2251.2
	361.8
	675.0
	256.3

	MR
	245.3
	136.4
	1826.6
	1941.7
	225.1
	273.6


HC5-50 derived using the best-fitting distribution
Table 3‑26 shows that the endpoint mean normalised toxicity data from aged field soils are all above the normalised HC5-50 values for the different soil scenarios. Field data included also plant species (Z. mais, R. Sativus) which were not included in the SSD. 
Some individual normalised NOEC values in Table 3‑25 are below the calculated HC5-50. Indeed, for some of the considered soil scenarios the toxicity values for R. sativus generated in a mesisol-peaty soil, H. vulgare generated in the Woburn cake soil and SIR generated in the Wageningen A soil are below the calculated HC5-50 using the best fitting approach. The same species and endpoint were also tested in several other soils. The normalised NOEC values of these tests were all well above the HC5-50. A further analysis was made of the NOEC values below the HC5-50. 
With respect to the NOEC value for R. sativus, the tested soil has an extremely high CEC which falls far beyond the bounderies of the plant regression model used to normalise plant ecotoxicity data. Normalisation of these data will provide unreliable data. 
With respect to the NOEC value for H. vulgare generated in the Woburn cake soil and SIR value generated in the Wageningen A soil, the SSD was normalised towards the conditions of these soils and the HC5-50 calculated using the best fitting model. The NOEC values were then compared with the respective HC5-50 values. The NOEC value for H. vulgare in the Woburn cake soil, i.e. 61 mg/kg, is just below the HC5-50 value for this soil, i.e. 64.0 (48.3-72.2) mg/kg. Other NOEC data generated in this soil (for F. candida, PNR and SIR) were well above the HC5-50 for this soil: (156 mg/kg for F. candida and above the highest tested concentration (> 196 mg/kg) for PNR and SIR). The NOEC equals the EC10 value for this endpoint. The data are presented in Figure 3‑39. 
Based on the following observations, there may have been effects from other components in the sludge:

-The same species&endpoint (H vulgare root elongation) was tested in the same soil but to which no sludge was applied (see Table 3‑22). The OM content and CEC of the Woburn soil without sludge is lower (OM: 1.7% versus 2.5%; CEC: 8.4 cmol/kg versus 11.6 cmol/kg). The toxicity of Cu is expected to be higher in the Woburn soil without sludge. However contrary to what is expected, a much lower NOEC value for H vulgare in the Woburn soil with sludge was found than in the Woburn soil without sludge.

-The same species&endpoint was tested in a range of other soils. When normalising the data towards the same soil, we see that the NOEC value from the Woburn soil with sludge soil deviates from the other values. The actual NOEC in the soil was 61 mg/kg while the species mean value of H vulgare in that soil is 142 mg/kg.

Both points indicate that other factors may have affected root elongation then just Cu.
In the Wageningen A soil the toxicity data varied between 32 mg/kg (for the SIR) and >104 mg/kg (for PNR and MR), while the HC5-50 based on the best fitting SSD (i.e. Logistic distribution) was 9.7 (5.0-12.1) mg/kg (Figure 3‑40). The NOEC for the endpoint SIR is so well above the HC5-50 for this soil.
It can be concluded that taking into account the large set of soils and endpoints tested, the normalised HC5-50 is overall protective.

Figure 3‑39    Comparison between individual aged single-species toxicity data (unfilled squares) and the normalised species/function sensitivity distribution (filled squares) towards the conditions occurring in the Woburn C soil.

Figure 3‑40    Comparison between individual aged single-species toxicity data (unfilled squares) and the normalised species/function sensitivity distribution (filled squares) towards the conditions occurring in the Wageningen A soil.

Microcosm toxicity data

Five multi-species studies are available, 3 of which studied the effects of copper in freshly spiked soils and 2 the effects in field contaminated soils (>10 years old and > 70 years old). Endpoints investigated include for plants: yield of Zea mays and Solanum tuberosum; for invertebrates: total nematode abundance, nematode maturity index, fraction of trophic groups (bacterial feeders, herbivores, hyphal feeders, omnivores+predators and hatchling nematodes), abundance of individual nematode species, total number of microarthropods, microarthropod community responses (prostigmata, mesostigmata, oribatida, collembolan, other microarthropods), abundance of microarthropod populations, litter decomposition; for micro-organisms: microbial biomass.
The set of soils which were investigated are expected to be more sensitive to copper (sandy soils, low pH, low CEC ranging between 4.5 and 10 cmol/kg).

The SSD based on single species lab tests was normalised towards the soil characteristics of the multi-species test. The HC5-50 was calculated and compared with the ecotoxicity data of the multi-species test.
Some of the microcosm studies were performed in freshly spiked soils. To compare the single-species HC5-50 with microcosm toxicity data, the need for an L/A factor was evaluated on a case-by case basis. The Korthals et al. (1996 a) study and Pedersen et al (1999) study were performed using aged soils (10 years and 70 years of equilibration) and therefore no generic L/A was applied for that particular study.  The studies from Korthals et al. (1996 b), Bogomolov et al. (1996) and Parmelee et al. (1993) were performed using freshly spiked soils and a generic L/A factor of 2 was applied on the ecotoxicity data of the multi-species tests. 

Table 3‑27: Comparison between non-normalised microcosm toxicity data and normalised single species toxicity data

	Species sensitivity
	Normalised NOEC (mg/kg)
	Species sensitivity
	Normalised NOEC (mg/kg)
	Species sensitivity
	Normalised NOEC (mg/kg)
	Species sensitivity
	Normalised NOEC (mg/kg)

	 
	Korthals et al. (1996a) CEC=4.5 cmol/kg
	Korthals et al. (1996a) CEC=5.3 cmol/kg
	Korthals et al. (1996a) CEC=6.2 cmol/kg
	Korthals et al. (1996a) CEC=7 cmol/kg
	Korthals et al. (1996b) CEC=4.8 cmol/kg
	Bogomolov et al. (1996)
	Parmelee et al. (1993)
	Pedersen et al. (1999)

	NOEC mesocosm
	83.5->156 mg/kg
	81.2->173.5 mg/kg
	114->182.4 mg/kg
	141->190 mg/kg
	211-411 mg/kg
	110.7->1610.7 mg/kg
	<199.6->1291– mg/kg
	200 ->3000– mg/kg

	Normalised 
HC5-50*: 
	30.8 mg/kg 
(18.6-44.4 mg/kg)
	36.3 mg/kg 
(22.5-51.4 mg/kg)
	42.1 mg/kg 
(26.8-58.6 mg/kg)
	46.6 mg/kg 
(30.2-63.9 mg/kg)
	34.2 mg/kg 
(21.2-48.6 mg/kg)
	77.0 mg/kg 
(52.2-102.4 mg/kg)
	43.3 mg/kg 
(25.7-63.3 mg/kg)
	82.4 mg/kg 
(63.7-107.3 mg/kg)

	P. acuminatus
	36.3
	40.2
	42.8
	42.8
	37.9
	P. acuminatus
	57.7
	P. acuminatus
	43.7
	P. acuminatus
	64

	Denitrification
	41.6
	42.8
	44.0
	47.2
	41.9
	E. Andrei
	91.8
	Denitrification
	58.4
	E. andrei
	103

	Glutamic acid
	50.2
	46.5
	54.9
	60.5
	46.6
	Denitrification
	96.9
	E. andrei
	69.6
	L. rubellus
	108

	N-mineralisation
	57.8
	59.8
	60.5
	62.5
	53.8
	L. rubellus
	97.2
	N-mineralisation
	70.5
	Denitrification
	111

	E. andrei
	60.6
	60.5
	70.0
	75.1
	60.3
	N-mineralisation
	117
	L. rubellus
	73.7
	Glutamic acid
	126

	Microbial biomass
	61.2
	63.9
	70.6
	79.3
	63.7
	H. vulgare
	117.2
	H. vulgare
	84.3
	N-mineralisation
	142

	L. rubellus
	67.6
	67.5
	73.9
	80.3
	66.0
	E. fetida
	137
	P. peltifer
	96.1
	H. vulgare
	145

	H. vulgare
	70.7
	82.6
	92.1
	95.6
	77.2
	P. peltifer
	152.1
	C. sphagnetorum
	113.7
	C. sphagnetorum
	168

	P. peltifer
	74.0
	86.1
	95.6
	100.1
	78.3
	C. sphagnetorum
	156.7
	L. perenne
	122.5
	Microbial biomass
	178

	SIR
	95.8
	95.6
	100.0
	112.4
	96.4
	L. perenne
	170.4
	E. fetida
	123.3
	L. perenne
	181

	L. perenne
	98.2
	103.2
	114.3
	122.6
	98.5
	Microbial biomass
	194.1
	Glutamic acid
	134
	E. fetida
	182

	C. sphagnetorum
	98.6
	104.3
	115.0
	125.1
	104.2
	S. vulgaris
	211.8
	S. vulgaris
	152.3
	P. peltifer
	189

	E. fetida
	102.4
	113.3
	124.1
	133.1
	107.0
	Respiration
	233
	I. viridis
	164.8
	Respiration
	194

	I. viridis
	121.1
	136.8
	152.5
	165.8
	127.8
	Glutamic acid
	237
	P. annua
	172.2
	MR
	210

	S. vulgaris
	122.1
	145.9
	169.6
	187.5
	132.6
	P. annua
	239.5
	PNR
	183
	S. vulgaris
	240

	PNR
	130.3
	153.7
	172.4
	190.5
	138.3
	MR
	252.4
	Microbial biomass
	189.5
	P. annua
	272

	P. annua
	138.1
	154.7
	181.5
	206.4
	144.5
	I. viridis
	260.7
	P. convolvulus
	200
	SIR
	281

	P. convolvulus
	160.3
	179.8
	200.4
	217.9
	166.0
	P. convolvulus
	278.2
	L. esculentum
	218.2
	P. convolvulus
	316

	L. esculentum
	161.0
	182.6
	212.2
	238.5
	167.9
	PNR
	303.7
	A. integrifolia
	220.6
	I. viridis
	320

	A. integrifolia
	176.9
	198.2
	220.9
	240.2
	185.1
	A. integrifolia
	306.9
	A. sativa 
	240.1
	A. integrifolia
	348

	A. sativa
	192.5
	216.0
	240.7
	261.7
	201.8
	SIR
	306.9
	H. aculeifer
	264.4
	PNR
	365

	H. aculeifer
	194.4
	231.7
	269.3
	302.6
	210.7
	A. sativa
	334
	F. candida
	295.2
	A. sativa
	380

	F. candida
	217.1
	254.7
	296.1
	324.3
	231.6
	L. esculentum
	346.4
	SIR
	299.6
	L. esculentum
	400

	H. radicata
	296.7
	332.5
	370.5
	332.6
	310.5
	H. aculeifer
	418.4
	H. radicata
	370.1
	H. aculeifer
	508

	F. fimetaria
	299.3
	374.1
	434.9
	351.2
	340.2
	F. candida
	467.2
	F. fimetaria
	407.2
	F. candida
	558

	Ammonification
	511.9
	611.0
	494.3
	402.8
	550.1
	H. radicata
	514.7
	Ammonification
	718.9
	H. radicata
	584

	MR
	859.7
	706.3
	535.2
	488.6
	769.1
	F. fimetaria
	644.3
	Respiration
	1170
	F. fimetaria
	820

	Respiration
	1564.2
	764.7
	721.5
	820.6
	832.8
	Ammonification
	1193.3
	MR
	1266.4
	Ammonification
	1453


*HC5-50 derived using the best-fitting distribution

Normalisation of the single species toxicity data towards the abiotic conditions (CEC, pH, OM, clay content) of the soils in the microcosm tests revealed that all microcosm NOEC values are above the normalised single species HC5-50 value. Indeed, the HC5-50 from the Korthals study,i.e. 31.0 mg/kg, is well below all microcosm NOEC values (between 81 and 411 mg/kg)  reported  in Korthals et al., 1996 (a & b). The HC5-50 from the Bogomolov study, i.e. 77.0 mg/kg, is well below all microcosm NOEC values (between 110.7 and >1610.7 mg/kg)  reported  in Bogomolov et al. (1996). Similar conclusions can be formulated for the Parmelee et al. (1992) study, where the HC5-50, i.e. 43.3 mg/kg, is well below the microcosm NOEC values (between <199.6 and >1291 mg/kg)  reported  by Parmelee et al., 1992. The mesocosms further include a plant species (S. tuberosum) and invertebrate communities (nematode, microarthropoda) not included in the single species experiments. 
A few unbounded LOEC values were reported. These are further discussed in the next section.

Figure 3‑41, Figure 3‑42 and Figure 3‑43, present the comparison between the microcosm data and the SSD normalised towards the soil conditions of the microcosms.

Figure 3‑41    Comparison between individual multi-species microcosm toxicity data (unfilled squares) and the normalised species/function sensitivity distribution (filled squares) towards the conditions occurring in the Korthals et al. (1996) field study.

Figure 3‑42    Comparison between individual multi-species microcosm toxicity data (unfilled squares) and the normalised species/function sensitivity distribution (filled squares) towards the conditions occurring in the Bogomolov et al. (1996) microcosm.

Figure 3‑43    Comparison between individual multi-species microcosm toxicity data (unfilled squares) and the normalised species/function sensitivity distribution (filled squares) towards the conditions occurring in the Parmelee et al. (1992) microcosm.


Figure 3‑44  Normalised species/function sensitivity distribution towards the conditions occurring in the Pedersen et al. (1999) field study.

Unbounded LOEC values

A. Nematodes

Nematodes belong to the trophic level of the invertebrates. Nematodes are small smooth-skinned roundworms. They represent a diverse and abundant phylum, exhibiting a variety of survival strategies and feeding types. They are often grouped according their feeding behavior: fungal feeders, plant feeders, bacterial feeders and omnivores and predators are distinguished. 

Soil nematodes live within the interstitial waters of soil particles and are so in direct contact with dissolved contaminants (Boyd and Williams, 2003). 

There is growing interest to use nematodes to assess soil quality. Testing can be done using single species cultured in the lab or directly on communities present in natural soils. Testing and data interpretation of nematodes is not without difficulties. Research is ongoing to improve the test set-up and interpretation of the results. Problems encountered in testing individual species and communities include difficulties with their identification at species level, low recovery of organisms from the soil, different nematode extraction techniques giving different results, decrease in nematode biodiversity over storage time and feed availability, sensitivity to soil moisture content, temperature, pH, salinity. 

Four of the multi-species tests investigated the effects of copper on nematodes. Results showed the following endpoints to be relatively insensitive to copper: total nematode abundance, nematode maturity index, bacterial feeding nematodes, herbivore nematodes, fungal feeding nematodes and hatchling nematodes. 

Unbounded LOEC values were reported for the fraction of omnivore+predator nematodes in 2 lab studies testing the effect of copper in freshly spiked soils (Korthals et al 1996b and Parmelee et al 1993). Omnivore+predator nematodes almost disappeared. Lowest tested concentrations are a factor 4.5 to more than 6 above the HC5-50. 

The abundance of omnivore+predator nematodes was also investigated in 4 similar field soils which were contaminated 10 years ago (Korthals et al 1996a). In one of the four soils a NOEC could be derived while in the other 3 soils no significant effects could be found at the highest tested concentration (unbounded NOECs). In all 4 field contaminated aged soils, the NOEC and unbounded NOECs are well above the HC5-50. 

Results of the effect of copper on omnivore and predator nematodes are summarized in Table 3‑28.

The difference between the results of the freshly spiked and aged soils is remarkable. As nematodes live in the soil pore water, a possible reason for the observed difference could be the influence of the salt effect in the freshly spiked soils. Another possible contributor to the difference in effects may be the interfering effect of the more intense mechanical handling (mixing) of the freshly spiked soils (to ensure homogeneous concentrations of the contaminant in the soil) on natural soil nematode communities (Doekhie and Derksen, 2007 and Korthals et al, 1996b).
Table 3‑28    Effect of copper on omnivore and predator nematodes

	pH
	CEC

cmol/kg
	HC5-50

mg/kg
	NOEC

omnivores+predators nematode abundance 

	Korthals et al 1996b (freshly spiked soil)*

	4.1
	4.8
	34.7
	<211

	Parmelee et al, 1993 (freshly spiked soil)*

	3.8
	6.2
	43.3
	<199.6

	Korthals et al 1996a (field contaminated soil-10 years old)

	3.8-4
	4.5
	31
	>156

	4.3
	5.3
	37
	>174

	4.7-5.1
	6.2
	43
	>182

	5.4-5.7
	7
	47
	141


*NOEC values are corrected for the ageing leaching effect to facilitate comparison with the HC5-50.
Taking all these results into account it can be concluded that the HC5-50 is protective for omnivore+predator nematodes under field conditions. 

B. Microarthropods

Parmelee et al (1939) studied the effects of copper on the microarthropod community in a freshly spiked soil. Prostigmata, collembola and “other microarthropods” were found to be relatively insensitive to copper. Mesostigmata almost disappeared and oribatida were reduced by 47% at the lowest tested copper concentrations, this is NOEC<199.6 mg/kg  (Parmelee et al, 1993). The HC5-50 of this soil is 43.3 mg/kg.

The reduction in mesostigmatida and oribatida might be an indirect effect. Indeed, mesostigmatida and oribatida live in the air-filled soil pores and are known to consume nematodes. Effects on mesostigmata and oribatida may thus well be an indirect effect due to a reduction in feed availability. The relative insensitivity to copper is supported by the results of Platynothrus peltifer, an oribatida represented in the single species SSD of which the NOEC is well above the HC5-50 in all 6 evaluated soil types. Effects of copper on mesostigmata were also reported in the field study by Pedersen et al (1999). Mesostigmata contributed to the difference in species composition in the field study only at copper soil concentrations above 1000 mg/kg.

Considering that unbounded LOEC values were found in freshly spiked soils but that NOEC values for the same endpoints in field contaminated soils are well above the HC5-50, it can be concluded that the HC5-50 is protective for microarthropods under field conditions. 

Plectus acuminatus

Plectus acuminatus, a bacterial feeding nematode, is the species in the SSD of which the NOEC was below the HC5-50 in 5 out of 6 soils. The effects of copper on Plectus was also reported by Korthals et al 1996 in both the freshly spiked and field contaminated aged soils. In the experiment using freshly spiked soil only the estimated EC50 value is reported and is estimated to be 183 mg/kg (HC5-50= 34.7 mg/kg). In the field contaminated aged soils, only average values are provided, but no statistics so no NOEC or ECx values can be derived. However, the abundance of Plectus increases with the first and/or second dose of copper applied in all 4 soils indicating Plectus not to be affected by copper in the field contaminated aged soils at copper concentrations 2 to 3 times above the HC5-50.
3.2.5.8 Proposal for soil specific PNECsoil 

The size of the assessment factor to be applied on the HC5-50 is based on the above uncertainty analysis, which is summarised again below:

-It can be concluded that the terrestrial dataset complies with the criteria for the application of the statistical extrapolation technique (10-15 different NOEC values (preferably more than 15) from chronic/long term studies for different species covering at least 8 different taxonomic groups from 3 trophic levels): 252 chronic NOEC/EC10 values are available:  67 plant data, 108 invertebrates data, 77 micro-organisms data.
Data cover 3 trophic group, include 19 species from several taxonomic groups and 9 microbial endpoints; data cover the range of EU soils. 

-9 different plant species –including agricultural and wild species, monocotyls and dicotyls- from 5 different families 

-10 different invertebrate species –including hard- en soft-bodied organisms with different feeding strategies- from 6 different families 

-measurement of microbial biomass and 6 different microbial functions  representing the C- and N-cycle 

-Data cover more than 90% of the range of soil properties in the EU, influencing bioavailability of copper in soil

-For several species multiple data are available for the same endpoint. Large differences in effects of copper can be explained by differences in bioavailability. Models explaining these differences in toxicity are available so that the terrestrial ecotoxicity data can be normalized to the same conditions and variability reduced.

The derived bioavailaibility models are applicable for a wide range of EU soils covering the 10P-90P -and beyond- of soil properties influencing the bioavailability of copper! These models allow the derivation of soil or soil type specific SSDs and PNEC values

-A conservative leaching-ageing factor is available to correct for differences between lab and field results due to leaching-ageing effects. This factor is based on the 25-P of an extensive ecotoxicity dataset and is supported by mechanistic data.

-HC5-50-values were derived using the log-normal model and the best-fit models for a range of EU soil types. The latter gives the smallest uncertainty around the HC5. Differences between HC5 and HC5-50 and also between HC5-50 and HC5-95 are small and depending the soil scenario range between a factor 1 to 1.3 and 1.1 to 1.4 respectively.

-Only 1 single datapoint out of 28 is found below the HC5-50 in 5 out of 6 evaluated soil scenarios. The LOEC value of this endpoint –which is around the EC10- is however well above the HC5-50. Testing this species in the lab is however not without difficulties. No effects were found in the field for this species until a concentration 2-3 times above the HC5-50
-A total of 8 single species studies are available in which the toxicity of Cu to micro-organisms, invertebrates and plants in field contaminated aged soils was investigated for a wide range of European soil types (peaty, sandy, clay).

A total of 5 multi-species studies are available, 3 of which studied the effects of copper in freshly spiked soils and 2 in field contaminated aged soils. Several of the soils are expected to be more sensitive to copper (sandy soils, low pH, low CEC). Invertebrates, plants and micro-organisms were studied. 
Of all single species data obtained in aged soils, only one value was found just below the HC5-50. It is however suspected that this result may have been influenced by confounding factors. All other single species data obtained in field contaminated/aged soils (12 soils, 11 endpoints, 41 NOEC values) are above the HC5-50. 

All multi-species field data (3 field studies, 6 soils, 20 endpoints) are above the HC5-50.

Both single species and multi-species studies indicate the HC5-50 to be protective in the field.

Based on the above uncertainty analysis it can be concluded that the available database and models allow for the derivation of an HC5-50 which is protective for the terrestrial environment. The application of an AF = 1 is therefore proposed on the HC5-50 derived with the statistical extrapolation method. This provides a robust and ecological relevant PNEC to be retained for the risk characterisation. PNEC values for soil types with physico-chemical properties within the 10P-90P bounderies of the EU conditions vary between 73.1 and 172.8 mg/kg Cu (statistical extrapolation method using the best fit distribution) and between 78.9 and 172.8 mg/kg (statistical extrapolation method using the log-normal distribution).  
The PNECs from the log-normal distribution have been carried forward to the risk characterisation.
3.2.6 Secondary poisoning

3.2.6.1 Introduction

The TGD 2003 states “as for lipophilic substances, some metals may pose a concern from bioconcentration and bioaccumulation as both direct and indirect toxic effects may be observed upon long term exposure. Secondary poisoning is concerned with toxic effects in the higher members of the food chain, resulting from ingestion of organisms from lower tropic chain levels that contain accumulated substances.”

The use of BCF and bioaccumulation factor (BAF) as quantitative measures that indicate the potential toxicological impact of substances was developed and validated for neutral lipophilic and hydrophobic organic substances. They accumulate in lipid tissues of biota via simple passive diffusion as predicted by Fick's Law (McKim 1994).  

This is in contrast to most metals: most metal species that form in aquatic solutions are hydrophilic and do not permeate the membranes that separate the organism from the external environment by passive diffusion. The uptake of metals largely depends on the presence of specific transport systems that provide biological gateways for the metal to cross the membrane. (Blust et al, in preparation). Exceptions are organo-metallic species that are lipophilic, behave like non-polar organics and are taken up across the membrane by passive diffusion (Campbell, 1995).

Copper is a natural trace element and an essential metal to all life forms. Uptake is mainly through active transport systems and is largely restricted to specialised organs such as the gills, in the case of waterborne uptake, and the digestive tract, in the case of dietary uptake. Therefore, the rules on bioaccumulation, bioconcentration and secondary poisoning, generally used for organic substances do not necessarily apply to copper (McGeer et al, 2003). 

As an alternative approach, a review of the literature relevant for assessing copper’s potential for causing secondary poisoning in aquatic and terrestrial environments is provided below and encompasses:

* Copper as essential nutrient

* Copper  homeostatic processes- a mechanistic view.

* Secondary poisoning in the aquatic food chains

* Secondary poisoning in the terrestrial food chain

3.2.6.2 Copper as essential nutrient

Copper is an essential micronutrient, needed for optimal growth and development of micro-organisms, plants, animals and humans. It plays a vital role in the physiology of animals: for foetal growth and early post-natal development, for haemoglobin synthesis, connective tissue maturation especially in the cardiovascular system and in bones, for proper nerve function and bone development, and inflammatory processes. Copper acts as an active cofactor in over 20 enzymes and proteins notable the photosynthetic pigment phaetocyanin, the respiratory enzyme cytochrome oxidase and the anti-oxidant superoxide dismutase (WHO, 1998).   

Copper deficiency has been observed in intensive cultures of fish, crops and farm animals. The most striking examples of copper deficiency come from farming practices. Insufficient bioavailable copper in soils has been shown to reduce agricultural yields and to produce metabolic copper deficiencies in animals. Copper deficiency was first recognised in Europe in the 1930s and its incidence increased with the intensification of arable farming over the last 50 years. Copper deficiency has moreover been noted in a wide variety of soils world-wide (IPCS 1998). Crops known to be highly susceptible to copper deficiency include wheat, alfalfa, lettuce. At least 30 million hectares of agricultural land in Europe are cultivated with crops whose growth and yields are known to be highly susceptible to copper deficiency. The total area of crop land in Europe estimated to be affected by copper deficiency or having a high risk of developing deficiencies in the future is between 12 Mha and 123 Mha. This means that there is a risk of reduced agricultural yields due to clinical or sub-clinical copper deficiency over large areas of European land.  

Depending on the organism’s metabolic need, different copper levels are found in tissues from different strains, species and life stages and species differ in their sensitivity to copper.  

Differences  among species and strains:  

Aquatic invertebrates such as gastropods, crustacea and bivalves, relying on phaetocyanin as respiratory pigment have typically higher copper levels than invertebrates relying on haemoglobin as respiratory pigment (e.g. Timmermans et al, 1989).  

Of the terrestrial vertebrates, multigastric animals are more susceptible to Cu than monogastric animals, with sheep being more sensitive than goats and cattle. The vulnerability of ruminants to copper deficiency is due to digestive processes in the rumen, where sulphur is turned into sulphide which precipitates with copper released from the diet as copper sulphide, rendering copper non-bioavailable. 

Homeostatic control of copper supply is achieved mainly by storage in the liver and biliary secretion (Underwood and Suttle, 1999). This varies between species, with cattle storing less copper in the liver than sheep, and non-ruminants less than ruminants.

In terrestrial systems, genetic variation in copper metabolism of sheep has been widely studied. Sheep breeds differ substantially in the copper concentrations they retain when given copper in excess with high retaining breeds such as Texel, being more vulnerable to toxicity. Conversely, when the copper supply is inadequate, breeds characterised by poor retention, such as the Scottish Blackface, develop hypocuprosis (Wooliams et al, 1986). The differences are largely attributable to differences in the efficiency of absorption but may also involve differences in the partitioning of absorbed copper (Woolliams et al, 1982, 1983). It is interesting to note that breeds known to be highly susceptible to excess copper originate from regions where there feed is characterised by a low copper content and low bio-availability of copper (eg. Texel island, Orkney Islands).
Differences within species: 

Of all factors that affect physiology of animals, body size exerts the major effect and provides an integrated value of all physiological processes (Marsden and Rainbow, 2004). In aquatic environments, several investigators demonstrated indeed an inverse relation between copper tissue levels and the length or weight of the organisms (eg Figure 3‑45 from Timmermans et al, 1989). As described by Timmermans (1989) and others, the effect of body size has often been modelled as a simple power function: y = a.xb , whereby y= metal concentration and x= body weight. 

Figure 3‑45  Relation between copper tissue levels and the length or weight of the organisms (eg from Timmermans et al, 1989)

Higher copper levels and copper needs in young compared to adults were described for several groups of organism

Nygard et al, 2001 demonstrated that copper levels in livers from nestling petrels reach very high levels during growth.

Copper supplements are provided to piglets and pigs to enhance growth. Considering the high needs during the fast growth stages, copper levels given to piglets are much higher than the ones given to adult pigs.

The copper concentration in the liver of mammalian and humans foetus are much higher during the last term of pregnancy than in the adults because of the high copper needs during this period as well as during the first months after birth as it is growing and because human milk contains little copper. Premature babies are taken away from the mother before they get this late gestation boost of copper, so milk formulae for premature babies contains high copper levels, much higher than artificial milk for newborns. 
3.2.6.3 Copper homeostatic processes - an overall view across evolution

Natural copper levels, available for plants, micro-organisms and animals living in a specific environment, depend on the natural geological and physico-chemical characteristics of the water, sediments and soils. To ensure appropriate copper tissue levels without causing toxicity from copper excess, internal copper levels are homeostatically regulated by all living organisms. Homeostatic regulation of copper allows organisms, within certain limits, to maintain the physiologically required levels of copper in their various tissues, both at low and high copper intakes.  

The molecular mechanism of copper homeostasis, is related to 2 key elements: P-type ATPases that can pump copper across biological membranes in either direction and copper chaperones, important for the intracellular copper homeostasis (Odermatt et al, 1992).  This cellular copper homeostasis mechanism  is considered as being universal as the sequences of copper chaperones are highly conserved between species (Wunderli et al. 1999). 

Besides these active regulation mechanisms, some groups of organisms have developed additional internal regulation mechanism (molecular binding and sequestration) as a strategy to cope against copper excess (Rainbow, 1998; Marsden and Rainbow, 2004).  

Verteberate dietary copper exposure studies (fish, mammals and birds) further demonstrated that intestinal adsorption/biliary excretion of copper is regulated with varying dietary intakes (WHO, 1998).  

3.2.6.4 Secondary poisoning in aquatic food chains

3.2.6.4.1 Direct aquatic uptake processes, their regulation and resulting bioconcentration

There is a considerable amount of copper accumulation data available, that could potentially be used to calculate bioconcentration factors (BCF) and bioaccumulation factors (BAF) and the corresponding potential risks in aquatic food chains. However, it has recently been demonstrated that unlike many organic substances, the BCF/BAF is not independent of exposure concentration for many metals (Adams et al., 2003, Brix and DeForest, 2000 and Mc Geer et al., 2003). Rather it is inversely related (i.e., decreasing BCF/BAFs with increasing exposure concentration) to exposure concentration. Particular to copper, this inverse relationship has been demonstrated for BCFs, BAFs and biota-sediment accumulation factors (BSAFs) (Figure 3‑46a & b). As a result, use of a simple ratio Cbiota/Cwater or Cbiota/Csediments as an overall approach for estimating copper bioconcentration factors or copper body burdens is not appropriate.   

The observed inverse relationship has been explained by homeostatic regulations of internal tissue concentrations: at low metal concentrations organisms are actively accumulating metals in order to meet their metabolic requirements while at high ambient metal concentration, organisms are able to excrete excess metals or limit uptake. Kamunde et al, 2005 demonstrated indeed, from detailed copper uptake experiments, that pre-exposure of fish to waterborne copper down-regulated copper uptake rates at the gills. The importance of such copper regulation was already recognised in the regulatory framework of aquatic hazard classification (OECD,2001).   

Figure 3‑46 a Copper BAFs in Freshwater Environments (DeForest et al. Submitted –From Adams et al, 2003 )

[image: image43.emf]10

100

1000

10000

100000

1000000

0.01 0.1 1 10 100 1000

Copper, µg/L

BAF

Blind cave fish

Stickleback

Guppy

Guppy

Chironomids

Zebra mussel

Gammarus spp.

Lymnaea spp.

Physa spp.

Other fish spp.

Other invertebrate spp.


Figure 3‑47 b Copper Biota Sediment Accumulation Factors (BSAF) in Freshwater (DeForest et al. submitted – From Adams et al, 2003
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- Wang (2002) even noted the biodiminution of metals in the classical marine planktonic food chain (phytoplankton to copepods to fish) and explained the phenomenon as the result of the effective efflux of metals by copepods and the low assimilation of metals by marine fish. 

- Weis & Weis (1999) demonstrated the absence of trophic transfer of metals in consumers associated with chromated copper arsenate treated wood panels. 

- Farag et al., 1998, studied copper concentration in benthic invertebrates that represent various functional groups and sizes from de Coeur d’Alene river, Idaho, influenced by mining activities. The copper concentrations noted across the trophic chain, demonstrated the absence of biomagnification: sediment concentration: 77 mg/kg g dry weight, herbivores: 34 µg Cu/g dry weight, omnivore: 12 µg Cu/g dry weight, detrivore: 18 µg Cu/g dry weight, carnivore: 32 µg Cu/g dry weight. - Quinn et al., 2003, evaluated trophic chain transfer of metals in insects (35 species) from a stream food web influenced by acid main drainage with copper levels up to 100 µg Cu/L. They demonstrated that metal concentrations were higher in water and insects closer to the mining sites and taxa richness increased with distance away from the site. The relation between the trophic position, determined from 15N radio isotope determinations, indicated that trophic chain had no effect on copper levels in the insects.  

- Barwick and Maher (2003), compared trace metal levels in a contaminated seagrass ecosystem in Lake Macquire, the largest estuary in New South Wales (Australia). The structure of the estuarine food web was studied in details and all organisms (algae, invertebrates, fish) were categorised as autotrophs, herbivores, planktivores, detrivores, omnivores and carnivores. The results of the analysis showed the absence of copper biomagnification in this estuarine systems. Copper concentrations ranged between 0.27 µg Cu/g dw (Omnovore: Monacanthus and 88 µg Cu/g dw (Herbivore: Bembicum auratum (gastropod with haemocyanin)). The higher levels (eg. B. auratum) were associated with species with active accumulation of copper into the respiratory pigment haemocyanin.

From this evaluation, and as confirmed from investigations of other expert groups (eg IPCS, 1998), copper is not biomagnified across the trophic chain.

Figure 3‑48  Aquatic food chain from Barwick & Maher, 2003
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3.2.6.4.2 Comparison of copper sensitivity from different exposure routes and across aquatic food chains

Waterborne copper and not dietary  exposure have been clearly related to copper effects. For copper many studies indeed demonstrated that for aquatic organisms, gills and gill-like surfaces are a key target organs for acute as well as chronic copper toxicities in fish and invertebrates whereby the influence of water characteristics on copper toxicity plays a key role. It is well recognised that the gills are the target organ for copper toxicity in aquatic organisms and that iono-regulatory disturbance is the key effect of copper in aquatic organisms. This is discussed at length in the aquatic toxicity chapter. 

The up/down regulation of copper uptake and excretion rates as well as the internal detoxification mechanisms (metallothionein, copper granules) in fish & invertebrates can explain the observed absence of copper toxicity induced by accumulation of copper from dietary exposure (De Schamphelaere et al, 2003; Kamundu et al;, 2001 & 2005; Taylor et al, 2000; Allinson et al, 2002, Mc Geer et al, 2002).  Such absence of toxicity induced by chronic accumulation of copper is furthermore evidenced from the observed low acute to chronic ratios.

A comparison on copper sensitivity among pelagic organisms showed that sensitivity is independent on trophic chain position but may be related to the organisms internal detoxification mechanisms such as metallothionein induction. De Boeck et al, 2003, indeed demonstrated that a relation between the metallothionein induction pattern in three fish species (rainbow trout (Oncorhynchus mykiss), gibel carp (Carassius auratus gibelio) and common carp (Cyprinus carpio).  
The bioavailability of detoxified stored metals is important in the evaluation of a potential for secondary poisoning. If the stored metal-rich compounds can be broken down in the digestive tract than the metal can be transferred across the food chain. The availability of metal in prey tissue was investigated by Nott & Nicolaidou (1994), who demonstrated that metals in membrane-bound phosphate granules, lysosomes and membrane-bound sulphur–rich granules were less trophically available. This may hence further release the concern related to copper food chain transfer and secondary poisoning within the pelagic food chain as well as towards birds and mammals and further explains why simple laboratory toxicity studies are inadequate to estimate secondary poisoning potentials for copper. Field data are hence more reliable for such assessment.

Field data showed that copper concentrations in tissues of marine mammals and coastal seabirds, regardless of species, except brain, tend to decrease with increasing age (Eisler 1984, Lock et al., 1992). Neonatal marine mammals have higher copper levels compared to the mothers (Law et al., 1992). There is no field evidence on detrimental effects on fish eating birds or mammals caused by copper contamination. Field studies of area around Donana National Park affected by the Aznalcollar toxic spill (Seville, Spain), further showed, that irrespective of the high contamination levels observed in the aquatic environment, no effects were observed in waterfowl. Although the waterfowl had elevated copper and zinc levels, there was no evidence that the trace elements had reached toxic levels (Hernandez et al, 1999).  

Last but not least secondary poisoning of birds and mammals via fish or mussels was investigated for metals, including copper, by RIVM (Smit et al, 2000) who concluded that for copper it was not necessary to integrate secondary poisoning aspects into the copper aquatic quality criteria. 

3.2.6.5 Secondary poisoning in the terrestrial food chain

Some elements are easily absorbed and translocated to food-chain plant tissues, while others are not. These other elements are strongly bound to soil or retained in plant roots, and are not translocated to plant foliage in injurious amounts, even when soils are greatly enriched. Even though an element may be easily or relatively easily absorbed and translocated to plant foliage, phytotoxicity may limit plant levels of these elements to levels safe for animals (Chaney et al, 1983). Chaney introduced the term “Soil-Plant Barrier” to describe these concepts when considering waste-soil-plant-animal relationships of toxic microelements. A “Soil-Plant Barrier” protects the food chain from toxicity of a microelement when one or more of these processes limit maximum levels of that element in edible plant tissues to levels safe for animals: 1) insolubility of the element in soil prevents uptake; 2) immobility of an element in fibrous roots prevents translocation to edible plant tissues; or 3) phytotoxicity of the element occurs at concentrations of the element in edible plant tissues below that injurious to animals.

Copper is an essential element for plants and animals

Plants effectively control metal uptake to maintain a fairly constant tissue concentration. At the phytotoxicity threshold, Cu reaches sufficiently high values in the root to limit fine root development and this will actually lead to reduced uptake in the above ground tissue (Lexmond (1980), Pedersen and Elmegaard (2000)).

Phytotoxicity occurs in most plants at about 25-40 mg Cu/kg dry foliage (Chaney and Giordano, 1977; Page, 1974; Chapman, 1966; Walsh, Erhardt and Seibel, 1972, Pedersen and Elmegaard, 2000). 

Among the vertebrates, ruminants are the most sensitive to copper. Copper toxicity to sensitive sheep and cattle occurs at 25-100 mg Cu/kg dry diet (NRC, 1980b). Cu toxicosis in mammals is manifested by the development of liver cirrhosis.

3.2.6.5.1 Relation Cu in soil – Cu in plants

Copper in plants depends on plant species, stage of growth, time of year and the chemical and mineral nature of the soil contaminants, which in turn may influence bioavailability and uptake of copper. Copper in plants is mainly associated with plant roots. 

Table 3‑29    Copper concentrations  in some plant feed materials (mg/kg DM) (Thornton, 2005)
	Feed materials
	Copper content (Range)

	Alfalfa hay
	7.3

	Barley
	3.5-7

	Grass hay
	9.0

	Linseed
	12-16

	Maize
	1.9-3.3

	Maize silage
	7.6

	Oats
	2.8-5

	Rye
	4-6

	Sorghum
	2.7-10

	Soybean whole
	12-15

	Straw barley
	1.7-5

	Straw wheat
	7



Sources:

INRA= Institute National de la Recherche Agronomique (France)

DLG= Deutsche Landwirtschafts-Gesellschaft (Germany)

ACV= Afnemers Controle op Veevoeder (The Netherlands)

ADAS= Agricultural and Advisory Service (UK)

NRC= National Research Council (USA)
Kabata-Pendias (2001) has compiled data from several countries indicating that the copper content of plants growing in unpolluted soils rarely exceeds 20mg/kg DM, with grasses averaging from 6-10mg/kg and clovers around 11mg/kg DM. Species differences have been widely recorded with a general agreement that the normal range in plants is 5-20mg/kg
Studies on groups of sites at fifteen locations in the UK have shown that the copper content of pasture herbage is fairly constant despite a wide range of total copper levels (3-70mg/kg) in corresponding topsoils. Average copper contents in herbage ranged from 6-11 mg/kg DM (Leech and Thornton 1987).
On land contaminated by historical copper mining in South West England concentrations of copper in washed pasture herbage tended to increase with total soil copper content (Figure 3‑49) though relative accumulation (concentration of Cu in herbage/concentration of Cu in soil) decreased rapidly at higher soil concentrations, reflecting the homeostatic control of copper in the herbag tissues (Figure 3‑50) (Abrahams and Thornton, 1994).
Figure 3‑49  Total of copper in soils and pasture washed (April) in South West England (After Abrahams and Thornton, 1994, Modified by Schoeters, 2005)
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Figure 3‑50  Relative accumulation of copper in pasture herbage in South West England(After Abrahams and Thornton, 1994) 
[image: image47.emf]
Moir (1982) sampled a wide range of vegetables grown in allotments and gardens of cities around the UK study. Around 84 soil samples were collected with a Cu concentration range between 10-546 ppm. Despite the high range of copper in soil, the copper content in plants remained in general below 10ppm. Only for lettuce, higher values were recorded but 95% of the samples remained below 20 ppm (Table 3‑30).

Table 3‑30  Copper concentrations in vegetables grown in urban allotments and gardens

	Vegetable
	N
	
	Cu concentration (μg/g dw)
	5th-95th
%ile range

	
	
	AM
	100% range
	GM
	

	Broccoli
	82
	5.80
	3.40-10.2
	5.68b
	4.04-7.98

	Cabbage
	82
	5.14
	3.24-9.62
	5.02 b
	3.54-7.13

	Carrot
	78
	4.56
	2.76-8.22
	4.42c
	2.92-6.69

	Lettuce
	78
	13.5
	7.46-29.3
	13.1a
	8.76-19.5

	Parsnip
	84
	5.30
	3.11-10.7
	5.16b
	3.54-7.53

	Spinach
	80
	12.4
	5.91-18.7
	12.2a
	8.94-16.


Pedersen and Elmegaard (2000), studied the bioaccumulation and toxicity of copper to black bindweed (Fallopia convolus). Soils were spiked with a range of Cu concentrations and left for 1 to 12 weeks before introducing the test plants. Up to 200 ppm Cu in soil copper accumulation in shoots moderately increased; from 200 to 300 ppm accumulation rate increased and above 300 ppm accumulation stagnated. The copper concentration of shoots was always lower than the total soil copper content. EC10 values based on copper in shoots ranged between 19 and 24 mg Cu/kg dw. This value corresponds to a soil Cu content of 200 ppm. Above this value, Cu in shoot accumulation increased rapidly and significant effects on biomass production occur. The authors noted that most of the Cu in the plant was accumulated in or on the outside of fine roots, prevented from entering further into the plant, until Cu concentrations became so high (around 200 ppm) that the regulation system, keeping Cu concentrations in shoots low, broke down and Cu concentrations in shoot parts increased rapidly.

Ali et al (2004) investigated the bioaccumulation of Cu in barley (Hordeum vulgare) in natural forest soil. Seedlings were exposed for 14 days to a range of Cu concentrations (17.2 to 322 ppm Cu). Shoot and root Cu concentrations remained constant until a soil Cu concentration of 129 ppm Cu, a value well above the EC25 of root growth, at which the shoot and root concentrations increased significantly. 

Ginocchio et al (2002) conducted a one year greenhouse experiment to study the transfer of copper from contaminated agricultural soils to lettuce, tomato and onion plants. Experiments were performed on two field contaminated soils with Cu content ranging from 181 to almost 1000 ppm and from 26 to more than 1200 ppm. Copper concentrations in the plants increased with soil Cu content but to a much lesser extend, and most of the Cu accumulated in the non-edible parts of the plant. BCF decreased from 0.89 to 0.06 for lettuce, 0.59 to 0.04 for tomato and 0.4 to 0.01 for onions. 

Badilla et al (2001) conducted a field experiment to study the transfer of copper from contaminated soils to edible parts of tomato and onion plants. The soil Cu content ranged from 32 to almost 1400 ppm. Despite the large variation in soil Cu content, the Cu content in onion bulbs remained in general below 10ppm and below 20ppm in tomato fruit. 

In a greenhouse experiment Tambasco et al (2000) grew lettuce (Lactuca sativa) on contaminated soils from the Montreal urban area. Soil Cu concentrations ranged from 23 to almost 3200 ppm Cu. After 70 days, leaves were harvested. Leaf copper concentrations ranged from 0.8 ppm to 17.9 ppm Cu (kg dry tissue). 

BCF values decreased with increasing soil copper content.

Figure 3‑51  BCF of copper in lettuce, onions and tomato plants (after Ginoccio et al, 2002 and Tambasco  et al, 2000)
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3.2.6.5.2 Bioaccumulation of copper in invertebrates

As in plants, invertebrates regulate their internal body concentration through a range of homeostatic regulation mechanisms and BCF values decrease with increasing soil concentration.

Janssen et al, 1997 estimated the BCF of Eisenia andrei in a range of field contaminated soils with varying copper concentrations.

While soil concentrations increased from 12.7 to 110 mg Cu/kg dw, Cu body concentrations ranged from 5.15 to 28 ppm Cu and BCF decreased with increasing soil Cu content from 8.48 to 0.15. 

Smit et al (2000) assessed an average BAF of 0.09 for earthworms based on an extensive Dutch database (170 datapoints).

Svendsen and Weeks (1997) found a bioaccumulation factor for earthworms ranging from slightly over one at soils concentrations of 25 ppm Cu to about 0.3 at concentrations greater than 200 ppm Cu. NOEC for growth 73 and NOEC for mortality 150. Earthworm tissue concentrations ranged between 15 and 78 mg/kgDW.
With the exception of the control soil (15 ppm Cu), Scott-Fordsmand et al (2000) found lower body Cu concentration in exposed earthworms compared to the soil concentration. Animals were exposed for 21 days and to concentrations up to 1400 ppm Cu. Tissue concentrations ranged between 25 and 175 mg/kgDW. Toxicity was however reported at concentrations higher than 100 ppm in soil. Within the safe soil concentration range tissue concentrations remained below 50 mg/kgDW.

Sample et al. (1999) developed a database of Cu concencentrations in soil and earthworm tissue. A literature search was performed for studies that reported chemical concentrations in co-located earthworm and soil samples. To ensure relevancy to field situations, only field studies in which resident earthworms were collected were considered. Almost 200 data were collected from 16 studies in which Cu concentrations in soils ranged between 3 to more than 1000 ppm. Copper concentrations in tissue ranged between 2 and 60 mg/kgDW with most values below 50 mg/kgDW.
Pedersen et al (2000) found that both F candida and F. fimeteria were able to regulate the internal copper concentration up to soil Cu concentrations between 400 and 800 ppm in spiked soils. In soil from a contaminated field site, internal Cu concentrations of both collembola species remained fairly constant up to 1400 ppm Cu in soil.

Spurgeon and Hopkin (1996) recorded BCF values for Cu in the tissues of earthworms collected from a number of sites located around a smelter where soils were contaminated with amongst others Cu. Copper concentration sin soil ranged from more than10ppm to more than 300ppm. BCF values ranged from 2.4 to 0.18 with values generally decreasing with increasing soil content.

On the basis of a literature review, Heikens et al (2001) compared Cu accumulation between different invertebrate species. Mainly field data were collected. While the Cu content of the soils ranged from 10 to more than 10000ppm, the internal Cu concentrations slightly increased and remained within one order of magnitude for most taxonomic groups. Metal body concentrations were highest in Isopoda and lowest in Coleoptera. Differences in metal accumulation between taxonomic groups were ascribed to differences in metal kinetics, regulation mechanism and the exposure route. Terrestrial Isopoda are detrivores who live on litter and feed on organic matter. On the other hand Coleoptera are either herbivores or carnivores and have less intensive contact with litter. 

Wittassek (1987) came to a similar conclusion when studying the uptake of Cu in vineyard soil organisms adapted to 60 years of continuous use of Cu sulfate fungicides. Slugs, Isopods and Diplopods (detrivores) showed the highest accumulation of Cu. Chilopoda and spiders, as predators, had high Cu concentrations only when their prey concentrations were high (they did not bioaccumulate).

Wieser (1961) noted the unusual high affinity of isopods for Cu. Copper homeostasis was attributed to regulation by special copper storage organelles, cuprosomes, in the hepatopancreas without any apparent ill effects.

Catterpilars of the white butterfly (Pieris conidia) ingests large amounts of plant leaf material, do not concentrate metals. Lower Cu contents are found in the organism than in the plant material (BCF of 0.1 to 0.3) (Wong and Cheung, 1986). 

The above examples illustrate that, as in the aquatic environment, three classes of mechanisms can be distinguished by which internal body levels of metals are regulated in terrestrial organism: Active regulation, active regulation and storage, storage.

3.2.6.5.3 Biomagnification

Lakowski (1991) explored the pattern of biomagnification of Cu in the terrestrial invertebrates food web. Based on 37 biomagnification factors representing herbivores, carnivores and detrivores, the slope of the linear regression was less than one suggesting regulation of Cu concentration. 

Hunter and Johnson (1982) examined the food chain transfer of Cu and Cd in contaminated grassland around a refinery. Metal movement between producers, herbivores and carnivore trophic levels was examined with an emphasis on the small mammal components of the food web. Copper concentrations ranged from 9.3 ppm Cu (control) to 2480 ppm Cu (refinery). Copper concentrations of unwashed vegetation increased but BCF decreased with increasing soil concentrations. Also the body burden of herbivores, carnivores and detrivores increased with increasing soil concentrations but the animal:diet ratio decreased with increasing soil contents. Small mammalians showed similar results. The total body burden of Cu in the herbivorous Microtus agrestis and the omnivorous Apodemus sylvaticus remained constant despite increases in the dietary intake at level 5 and 13 times higher than the control site. The insectivorous Sorox araneus had a diet with significantly higher Cu concentrations. While the concentration of the diet at the refinery site increased 16-fold compared to the control site, the total body concentration doubled. Animal:diet ratios decreased with increasing soil concentrations and were all smaller than 0.2. This illustrates the degree of homeostatic regulation exercised by mammalian systems over body tissue retention of ingested Cu.

3.2.6.5.4 Birds and Vertebrates

As plants and birds and invertebrates vertebrates are good copper regulators. They can rely on regulation of intestinal adsorption and biliary excretion to maintain internal copper levels with large variation in dietary intakes (Van den Berg, 1994, Turnlund et al, 1987, 1998 & 1989).   

In ruminants, the ability of the feed to meet the copper requirements of ruminants or pose a risk of copper poisoning depends more on the absorbability (Acu) than on the concentration of copper that it contains. Acu varies widely in different foodstuffs, with sulphur, molybdenum and soil ingestion being the most influencing factors.
Ratios of Copper: Molybdenum in animal feed below one can lead to severe risks of copper deficiency and ratios between 1-3 can lead to marginal risks of copper deficiency.

Soil ingestion rates can range from 1.5 to 17.9% of dry matter (Thornton, 2005).
Suttle, Alloway and Thornton, 1975 showed that under experimental conditions, when hypocupraemic sheep are fed soil, at 100 g/kg DM, with a Cu-supplemented diet, the soil reduced the availability of dietary Cu by 50%.

In the human health section of this dossier, an evaluation was made of the safe threshold for vertebrates. A NOAEL of 255 mg/kgDW diet was reported for rats, the most sensitive species.

An evaluation of the toxicity of copper to birds was made in the copper based plant protection products dossier (91/414/EEC). A NOAEL of 288 mg Cu/kgDW diet was derived.(ref)

The above NOAELs and the absence of biomagnification indicate that birds and vertebrates are generally less sensitive than the terrestrial organisms.

3.2.6.6 Conclusion 
Copper is an essential trace element, well regulated in all living organisms. Difference in copper uptake rates are related to essential needs, varying with the species, size, life stage, seasons... Copper homeostasic mechanisms are applicable across species with specific processes being active depending on the species, life stages…. Simple estimations on secondary poisoning are therefore not adequate.  

There is overwhelming evidence to show the absence of copper biomagnification across the tropic chain in the aquatic and terrestrial food chains. Differences in sensitivity among species are not related to the level in the trophic chain but to the capability of internal homeostasis and detoxification. Field evidence has further provided evidence on the mechanisms of action of copper in the aquatic and terrestrial environment and the absence of a need for concern for secondary poisoning.
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� Ilse schoeters, now at Rio Tinto Minerals, Belgium


� Ilse schoeters, now at Rio Tinto Minerals, Belgium


� Usually L(E)C10 values are selected, but the use of other L(E)Cx values (e.g. L(E)C20) could also be warranted


� CEC is the cation exchange capacity (cmolc/kg)


� EC50 values reflect the total concentration of copper in the soils causing a 50% effect Models based on NOEC intrinsically have more uncertainty (e.g. lower R2) than models based on EC50. This is clearly due to the fact that NOECs have been derived using ANOVA techniques where the variability among replicates and the selection of the dose rates is an important factor determining the NOEC. That variability obscures the relationship between soil properties and Cu toxicity, a relationship that is required for explaining effects of soil properties. 


� Regressions between total soil Cu toxicity thresholds and soil pH were based on background soil pH since these regressions were used for normalisation of the PNEC and therefore they should refer to the background soil pH as it is typically measured. Correcting the background pH for the acidification caused by spiking with CuCl2 (i.e. using the soil pH at EC50 instead of background soil pH) does not significantly affect the regressions since i) soil pH does not vary largely with spiking doses and ii) magnitude of the effect of spiking on pH varies randomly across the pH range (hence no effect on slope). Moreover, the acidification is an artefact caused by spiking with a soluble Cu salt. These effects on pH largely disappear after leaching and therefore are generally absent in field conditions. Hence this effect is already accounted for by the the lab-field factor. 


� When normalising toxicity data, the use of the lowest slope is usually the most conservative approach. The contrary is only true when normalising the toxicity data to very sensitive soils. A sensitivity analysis comparing the effect of both slopes on the PNEC setting was performed in section � REF _Ref192760992 \h � \* MERGEFORMAT �Sensitivity analysis�.


� Cu background data are highly concentrated in the Baltic countries (agricultural), the Netherlands (agricultural and natural), the UK (agricultural and natural), and part of Italy with little to no data in western/southern Europe. 


� In case no background concentration is reported a default value of 10.7 mg/kg is used (see chapter 1.2.3). A sensitivity analysis was performed in section � REF _Ref192760992 \h � \* MERGEFORMAT �Sensitivity analysis� to assess the influence of using different background concentrations on the PNEC setting.


� If the CEC was missing from an ecotoxicity test, then it was estimated from % clay, pH and %organic matter using an experimentally derived regression model: CEC=(30+4.4 pH)*clay/100+(-34.66+29.72 pH)*OM/100; the clay is the % clay in the soil (Helling et al., 1964; regression based on CEC measured at various pH values on 60 different soils; CEC refers to the cEC measured at soil pH). The test result was not used if either %clay or % OM was missing.  The clay content of standard OECD soils were set at 0% (=inert soils). No indirect estimates were made if the pH was missing for a test with soil microbial processes. 


� CEC between 12.8 and 46.5 cmol/kg


� Low (L): when the phys.-chem. in the system  ≤ 10th % of abiotic factor in EU soils;


Medium (M): when the phys.-chem. in the system  ≈ 50th % of abiotic factor in EU soils;


High (H): when the phys.-chem. in the system ≥ 90th % of abiotic factor in EU soils.
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