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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

	
	
	
	

	European Copper Institute - May 12th 2005
	
	
	

	
	
	
	

	
	COPPER VOLUNTARY RISK ASSESSMENT - COMPANY MEMBERS IN INDUSTRY CONSORTIUM
	

	
	
	
	

	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

	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
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3.2.7 EFFECTS ON MARINE ORGANISMS

3.2.7.1 INTRODUCTION
3.2.7.1.1 Mechanism of action of copper in marine systems versus freshwater systems

As discussed by Smolders et al. (2005), freshwater and marine organisms face very different ion- and osmoregulatory problems related to living in either a very dilute or concentrated salt environment. These differences in ion- and osmoregulatory physiology may also lead to differences in metal accumulation and metal toxicity (Prosser, 1991; Wright 1995; Rainbow, 2002). One of the main target tissues for metal toxicity in freshwater organisms are the gills since they are continuously exposed to the metals in solution and fulfil a number of essential functions, including gas exchange and ion transport. Marine organisms are also exposed via the gills, but in addition take in water via the gut exposing an additional series of epithelial structures to the metals (Wang and Fisher 1998; Glover et al 2003; Mouneyrac et al 2003). Both the epithelia of gills and gut are important and sensitive targets because they provide a variety of essential physiological functions such as the energy dependent transport of nutrients across the interface and the maintenance of homeostatic balance.    Despite these apparent physiological differences, it has been shown that marine teleost fish and, as recently demonstrated, also marine elsmobranch species (eg dogfish - Raja erinacea) also suffer from osmoregulatory disturbances under copper exposure (Stagg and Shuttlewood, 1982 a, b; Steele 1983 a, b; Wilson and Taylor, 1993, Larsen et al, 1997, Grosell et al, 1999, Deboeck et al;, 2006).  

Grosell et al., 2007 recently demonstrated that the sensitivity of fish across a full salinity gradient is related to osmoregulatory disturbance.  Grosell et al., 2007 studied killifish, Fundulus heteroclitus sensitivity to copper.  Eggs were hatched in a range of salinities (freshwater to 35 ppt) and juveniles were further acclimated to this salinity range for 7 days.  Copper sensitivity was subsequently tested across the salinity gradient, assuring that all test media had similar DOC levels (2.4 mg C/l). Copper sensitivity was highest in freshwater (96hr LC50 of 18 µg Cu/L), followed by seawater (96 hr LC50 of 294 µg Cu/L) and lowest at intermediate salinity (96 hr LC50 > 963 µg Cu/L) (Figure 3‑1).  Neither speciation (DOC kept constant) nor competition (Na concentration increasing with increasing salinity) could explain the observed differences in sensitivity.  The authors further postulated that freshwater organisms are more sensitive because they need more energy to sustain the ionic gradient compared to marine and especially estuarine organisms.  Figure 3‑2 demonstrates that indeed not the absolute ionic concentrations but the sodium gradient from the blood plasma to the water, measured as Na+ equilibrium potential, influences the copper sensitivity  
[image: image1.wmf] 

 


Figure 3‑1: Acute copper toxicity (96 hr LC50) of juvenile Fundulus heteroclitus, acclimated to and tested at different salinities (Grosell, et al., 2007)
[image: image2.emf] 


Figure 3‑2: Acute copper toxicity (96 hr LC50) of juvenile juvenile Fundulus heteroclitus as a function of Na+ equilibrium potential at different salinities (Grosell, et al., 2007).
Interestingly, Blust et al, 1992 had already shown that for Artemia fransicana, acclimated to a range of salinities, cadmium accumulation (3hrs) was highest in freshwater, followed by marine and lowest at intermediate salinities (20 ppt) (Figure 3‑3). These data thus further support the observations from Grosell et al., 2007. 

  To further understand the difference between the freshwater and marine/estuarine sensitivity, the Fundulus heteroclitus LC5-50 values, observed by Grosell et al., 2007 (described above) were compared with the predicted LC5-50 values calculated for Fundulus heteroclitus, using the chronic freshwater fish BLM and the freshwater Fundulus heteroclitus LC50 value and water chemistry for the LA-50 calibration.  This comparison (Figure 3‑4), clearly shows that the freshwater BLM is over-predicting estuarine and marine toxicity with predicted/observed LC50 ratio’s ranging from 0.5 (marine waters) to > 0.1 (10 ppt).  Physiological differences in osmoregulatory behaviour in waters with different salinities thus seem very important to understand copper sensitivities. 

[image: image3.emf]     


Figure 3‑3: Cd uptake of shrimp, Artemia fransicana, acclimated to a range of salinities (Blust et al.,1992) 
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Figure 3‑4: LC50 values, observed by Grosell et al., 2007 versus predicted LC50 values calculated for Fundulus heteroclitus, using the freshwater fish BLM.  LC50 values were estimated from Figure 3‑1 for some of the salinity gradient (2.5, 5, 15 and 22 ppt)

Differences in sensitivities between marine and freshwater organisms have also been estimated by other authors.  
· Anderson et al, 1994 evaluated the effect of copper to larval topsmelt (Atherinops affinis) at different salinities and reported fish larvae LC50s at 34%0 of 205 µg Cu/L and down to 40 µg Cu/L at 10%0. The authors further observed decreased larvae osmolality at higher copper concentrations and  no differences in copper uptake between the larvae exposed to copper at different salinities.  The authors related the observed increase in copper sensitivity with decreased salinity to: (1) increased physiological challenge for osmoregulation at lower salinity; (2) decrease of  copper binding ligands at lower salinities. Indeed, the test waters consist of natural seawater (34%0), diluted with distilled water to the desired salinities and therefore a dilution of the DOC must have occurred across the salinity gradient, thereby increasing the relative amount of free cupric ions in the tests waters;  (3) a dilution of ions needed for osmoregulation (Ca, Mg..) at lower salinities, due to dilution in distilled water and thereby causing additional stress. The authors indeed mention that this may have exaggerated the observed copper effects at lower salinities. Useful to mention that the authors did observe decreased control larval growth at lower salinities, indeed demonstrating such additional stress at lower salinities.   
The study can thus not be used to assess the impact of salinity on copper toxicity due to the above mentioned confounding factors.

·  Hutchinson et al. 1998, Leung et al. 2001 and Wheeler et al. 2002 showed comparability between freshwater and marine species. In general, these reviews conclude that differences in sensitivity between similar freshwater and saltwater species within a taxon seem to be smaller than different between species belonging to different taxa, and that in general, freshwater species tend to be more sensitive than saltwater species.The results from these investigations are interesting as they encompass a large number of species but do have confounding factors from copper/competition speciation in addition to the comparison of the species sensitivities.

Considering the above described differences in physiology of marine versus freshwater organisms as well as the differences in physicochemistry of marine versus freshwater environments, the ecotoxicity data for marine organisms has been collected separately and used as a basis for the derivation of a marine PNEC.   
3.2.7.1.2 Essentiality of copper for marine organisms 

Copper is an essential nutrient for marine organisms. Morel (2003) provides information on the biogeochemical cycle of trace metals, stating that extremely low concentrations are both the cause and result of efficient uptake systems in plankton, and the ability to utilise different metals for various biochemical functions.  Cu is under more required as a cofactor in the thylakoid lumen electron transport protein plastocyanin (Shcolnick, 2005). 

Granger (2003) cultured strains of heterotrophic denitrifying bacteria under trace metal clean conditions to investigate their physiological response to changes in copper concentration. Decreasing the copper concentration resulted in accumulation of N2O gas and cessation of growth before complete denitrification to dinitrogen.  The observations suggest a role for copper in regulating redox cycling of nitrogen and trace gas production in the ocean.  
Maldonado (2006) found that oceanic Thalassiosira species could oxidise inorganic Fe(II) extracellularly, and the production of siderophores was dependent on Cu availability.  Peers (2005) found that oceanic diatoms required more Cu to achieve optimum growth than their coastal counterparts (single species tests).  The reference hypothesised that Cu-sensitive cyanobacteria may regulate Cu to the detriment of other species.  Copper limitation was more severe in the diatoms grown in low- than in high-Fe seawater, suggesting that Cu and Fe were interacting essential resources.  Peers (2006) discusses the supply of essential metals to pelagic ecosystems which in some cases is less than demand, so many phytoplankton species have slow rates of photosynthetic production and restricted growth. Diatoms need considerably less Fe to grow than chlorophyll-b-containing taxa, and the oceanic species demand roughly one-tenth the amount of coastal strains. This reference reports that the Cu requirement in an oceanic diatom, Thalassiosira oceanica, is entirely due to a single Cu-containing protein, plastocyanin, which was only known to exist in organisms with chlorophyll b and cyanobacteria. Copper deficiency in T. oceanica inhibits electron transport regardless of Fe status, implying a constitutive role for plastocyanin in the light reactions of photosynthesis in this species. The results suggest that selection pressure imposed by Fe limitation has resulted in the use of a Cu protein for photosynthesis in an oceanic diatom. This biochemical switch reduces the need for Fe and increases the requirement for Cu, which is relatively more abundant in the open sea.  Domoic Acid (DA) is a functional component of the iron acquisition system (Wells, 2005), and there is an observed drop in internal concentrations of DA on initial exposure to Fe-limited conditions as cells externalise their stores to sequester any Fe - DA is also a strong chelator of Cu.  Soria-Dengg (2001), reports data that suggests some phytoplankton are Fe ‘pirates’, not investing energy for siderophore production but benefiting from those produced by bacteria.  

3.2.7.1.3 Copper regulatory mechanisms in marine systems 

Copper regulatory mechanisms have been observed in marine organisms.  In cyanobacteria, Cu was shown to be transported through the plasma membrane by a P-type ATPase. A second P-type ATPase is required for the transport of Cu across the thylakoid membrane. Inside the cyanobacterial cell, Cu is chaperoned by a small, soluble protein.  

Foster (1982) and Cervantes (1994) discussed the fundamentals of copper resistance in chlorophyta, bacteria and fungi.  Prokaryotic organisms (such as cyanobacteria) tend to have a simple defence mechanism which involves the release of phytochelatins which limit the availability of Cu2+.  Eukaryotic organisms (organisms with a complex cell or cells, in which the genetic material is organized into a membrane-bound nucleus or nuclei) such as diatoms from trace element limited environments appear to have evolved mechanisms to competitively sequester essential elements.  

Ahner (1995a, 1995b) studied metal levels in Thalassiosira weissflogii after exposure to a series of trace metals (Cd, Pb, Ni, Cu, Zn, Co, Ag, and Hg). Within the range of concentrations relevant to natural waters, Cd, and to a lesser extent Cu and Zn, are the most effective inducers of phytochelatins. Ahner (1997) found no relationship between phytochelatin concentrations and TDCu, but there was a systematic relation between [phytochelatin] and [Cu2+]. Moffett (1996) shows that cultures of Synechococcus exposed to toxic concentrations of Cu produce an extracellular ligand with a binding constant comparable to constants for ligands found in the water column. Coordination of Cu by this compound decreases the concentration of free cupric ion in the culture media to levels that do not inhibit growth.

Clarke (1996) identified a petE gene in Synechococcus sp. PCC 7942, a cyanobacterium previously thought to lack plastocyanin. The level of petE expression in Synechococcus is unaffected by variable copper concentrations during acclimated growth. Loss of plastocyanin results in slower growth, lower photosystem I content, and a decreased maximum capacity for photosynthetic electron transport. 

Croot (2000) surveyed a suite of copper-stressed marine eucaryotic phytoplankton for the production of copper binding ligands, and found that most eucaryotic species studied did not produce ligands with the binding strength of class 1 ligands, but many produced class 2 ligands. Dryden (2004) examined the relationship between copper, copper-complexing ligand concentrations, and natural microbial populations. The reference concluded that an intact estuarine microbial community responds to copper stress by production of extracellular, high-affinity copper complexing ligands, and the rate of ligand production was dependent on copper concentration and resulted in a reduction of the concentration of free cupric ions by more than three orders of magnitude.  

Leal (1999) found that thiols account for a major part of the copper-complexing ligands produced by Emiliania huxleyi. A feedback mechanism exists in which the production of thiol-type complexing ligands is controlled by the free copper concentration, production already being stimulated by an increase of [Cu2+] from 0.4 to 1.5 pM. 

Conclusion:  From the available literature data, it can be concluded that there is competition within algal/microbacterial populations for essential elements such as iron and copper in nutrient poor environments.  Similar processes which enhance the sequestration of essential elements are used to reduce the toxicity of excess free ions.

3.2.7.2 Source and selection of data 

3.2.7.2.1 Source of ecotoxicological data

The ecotoxicological data are derived from original papers on the subject, published in peer-reviewed international journals.  Additional data have recently been developed for inclusion into the data set, based upon relevant testing guidelines.  

3.2.7.2.2 Selection of ecotoxicological data

The specific items considered in this study for data selection are the following:

Type of test

In this review only reliable endpoints from properly conducted chronic tests are being considered. Historically, chronic exposure has been defined as > 4 days for all invertebrates and fish. With respect to this assessment, the arbitrary selection of this exposure period has been reviewed in light of the sensitivity of the endpoint and the duration of the life stage under assessment. For example, for unicellular algae, other micro-organisms (bacteria, protozoa) and even invertebrates (e.g. rotifers), an exposure time of 4 days or less already covers one or more generations, thus for these organisms chronic NOEC values may be derived from experiments during less than 4 days. Similarly, tests on the embryo-larval stages of organisms or germination of plants characterise effects on the very sensitive life stages of organisms. In some instances, abnormal development can be observed within a 24-48 hour exposure period, therefore the continuation of these tests would derive no additional information which could provide protection for the environment. Therefore, developmental NOEC values from sensitive life stage tests have been included.

Description of test material and methods

Tests should be performed according to standard operational procedures. A detailed description of methods employed in the study should be provided. Including, but not limited to preparation of the test solutions (environment), timing of administration and observations recorded, etc.

Concentration-effect relationships 
Minimal requirements for endpoints such as mortality, growth, reproduction (e.g.; control mortality for chronic exposure < 20%) are often given in standard procedures. For algae, control division rate was checked for conformity with OECD (2002) and ASTM (2003) guidelines. These guidelines suggested a cell division rate of 1.33 for the OECD guideline (i.e. cell concentration in the control cultures should have increased by a factor of at least 16 within 3 days) and 1.0 for the ASTM (2003) guideline (i.e. cell concentration in the control cultures should have increased by a factor of at least 16 within 4 days). These requirements should be met in order to prevent any influence of confounding factors. 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.  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. 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.

Measured concentrations

Copper is a natural element with typical background levels (OSPAR 2001) ranging from 0.05 and 0.4 µg l-1.  The OSPAR report also compared copper (and other metals)  levels in different areas and mentions that inevitable, river concentrations exceed background values as these are based on offshore concentrations, and in coastal/estuarine areas, the estuarine geochemistry of metals must be taken into account. The measured copper levels in control media, ranged between 0.2 and 13.4 µg Cu/L with an overall mean and median value of respectively 2.5 and 2.0 µg Cu/L. When only natural seawaters are considered, the measured copper levels in control media have a mean and median value of respectively 2.4 and 2.1 µg Cu/L. 
As with the assessment for the freshwater compartment, the chronic effect levels are often not far above reported copper background concentrations. Since the current understanding of metal ecotoxicity supports the conclusion that only bioavailable metals can elicit a toxic response, it is important that only effect levels based on actual (measured) concentrations should be considered reliable.  Because of the importance of understanding the true exposure concentrations (including the background concentration in the culture media), any study not supported by analytical data would automatically be excluded from the high quality studies (Q1 data).  Therefore, data not supported by measured concentrations are excluded from the Q1 dataset and are only considered in terms of data-set comparisons. These studies have been rated as Q2 or Q3, depending on the data quality as well as the availability of copper background levels in the test media.
In the reported data, Cu2+ has been used as the test material with several salts being used as the precursor.  As with other risk assessments on metals, it is generally recognised that under laboratory conditions almost all the copper is present in the dissolved fraction, therefore these results can be regarded as being dissolved copper concentrations. For 51 out of the 56 high quality datapoints (Q1 data), retained in this report, the authors have reported that the seawater was filtered. Ahsanullah, 1995 (data for Penaeus mergulensis and Penaeus monodon) and Roeisjade 1980 (data for Prothotheca staminea) did not report if the seawater was filtered.  Only Young, 1979 (data for Panadlus danae) reported that unfiltered seawater was used for the ecotoxicity tests. Evaluation of some other tests with reported measured total and total dissolved (filtered) values show good similarities between total and total dissolved values: eg the data from Sea Urchins (Hurd 2006), Sheephead minnow (Hurd 2006) and Tisbe battagliai (Williams, 2006) show that the measured total dissolved concentrations were close to the measured total concentrations.  The data for Penaeus mergulensis, Penaeus monodon Prothotheca staminea and Panadlus danae were therefore retained for the evaluation. Therefore, the data included in the chronic effects database could be considered to be measured dissolved Cu concentrations. 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. 
3.2.7.3 Derivation of NOEC values and pnec (methods)

3.2.7.3.1 Derivation of NOEC values  

The toxicological variables are estimated based on measured NOEC (No Observed Effect Concentration) or EC10 values. The methods that will be used for the derivation of NOEC values, being “real” NOEC values or NOEC values derived from effect concentrations, are the same as outlined in the TGD and revisions of the TGD. 

If possible, “real” NOEC values will be derived from the data reported, i.e. the NOEC is one of the concentrations actually used in the test. In order of preference:

1) Statistical analysis: the NOEC is the highest concentration (in a series of test concentrations) showing no statistical significant effect (inhibition) compared to the control. Significance level: p = 0.05 (optional: the p = 0.01 level if reported instead of the p = 0.05 level). The NOEC is derived on the condition that the LOEC results in >10% inhibition compared to the control.  Critical in the acceptance of a NOEC value is the range of tested concentrations.  Where the difference factor between tested concentration is high (eg. molar orders of magnitude), the NOEC can not be considered reliable, and attempts are made to derive EC10 values, where appropriate.

2) If the “real” NOEC cannot be derived from the data reported, the EC10 value is calculated from the concentration-effect relationship. 

As enough reliable ‘true’ NOEC or EC10 data could be extracted from literature, it was decided not to derive NOEC values from LOEC or MATC in the Q1 assessment.

Due to the fact that the Q1 analysis did not fully represent the diversity of taxa encountered in the marine waters, additional Q2 data (Q1 data except that the copper levels were not measured  but background levels are known or could be estimated) have been assessed and used in a second tier of PNEC determination.  Q3 data (less quality) are finally compared to the Q1, Q2 NOECs and HC5-50s derived.  

3.2.7.3.2 Derivation of PNEC values using statistical extrapolation

The PNECs for the marine aquatic compartment are calculated from the chronic NOEC data extracted from the different databases described hereunder 

PNEC values were derived from the ecotoxicity data, using the two ecotoxicological extrapolation methods, both of which are described in the TGD: 

· The PNEC is calculated from the lowest acute LC50 or EC50 or, preferably, from the lowest chronic NOEC/ L(E)C10, using assessment factors that depend on the available toxicity data.

· In case the chronic database is sufficiently large, the PNEC is calculated by means of statistical extrapolation, using all available chronic NOEC values as input. 

In the TGD preference is given to the first-mentioned extrapolation method and it is recommended to use statistical extrapolation as a “supplementary approach”. However, there is an increasing preference towards using statistical extrapolation for the derivation of PNEC values in case of data-rich substances (such as copper).

The London workshop on the use of statistical extrapolation for the derivation of PNEC values in case of data-rich substances was held in January 2001 in the framework of the EU Existing Substances programme. This workshop was specifically aimed at discussing the use of statistical extrapolation for the derivation of PNEC values in the freshwater environment for the metals zinc, cadmium and hexavalent chromium, since for these metals large chronic databases are available. The workshop recommended to include statistical extrapolation in the derivation of PNEC values for these metals, provided the chronic database meets certain requirements (EU, 2001). The major recommendations that were made at the workshop were incorporated in the copper risk assessment and are the following (EU, 2001).

· General requirements for input data (chronic NOEC values): at least 10 values and preferably more than 15 values, for different species.

· Taxonomic requirements for input data for the aquatic (freshwater) database: at least 8 taxonomic groups, using the EPA list of 8 groups required for the derivation of the “final chronic value” (PNEC equivalent, also calculated by means of statistical extrapolation) as a starting point. It is noted that the EPA list may over represent fish species (the phylum Chordata is represented by 3 families of fish or by 2 families of fish and 1 amphibian species) and that primary producers (algae, higher plants) are not included in the list. There is therefore a need to include algae and higher plants.

Distribution function: 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 were used in order to select the most appropriate distribution function for the compiled chronic data set. In order to select the most appropriate distribution for a given data set, goodness-of-fit statistics (software BestFit, Palisade Inc.) were used. 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 judgement. 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). To avoid ‘overfitting’ it was recommended that the selected SSD functions should not be too complex (2-3 paremeters 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 normalised chronic Cu toxicity data is assessed towards the classical log normal distribution function or by selecting the fitting function giving the best goodness of curve fit in individual cases by selecting among 10 different frequency distributions which could be described by 2 parameters,( i.e. Erlang, Gamma, Normal, Beta, Logistic, Inverse Gaussian, Extreme Value, Weibull, Pearson V, Pareto), and to  distributions which could be described using 3 parameters ( i.e. Triangular and Pearson VI). 
In addition to the above describe parametric tests, the semi-parametric “Flexible Kernel Density Estimation” (Silverman, 1986, Scott, 1992) was used to derive an HC5-50 value.  The method is described in the Technical memo NickelGOF01.doc, 1st Draft, Dec. 2007 “Comments on Distribution Fitting of Species Sensitivity Distributions in EU Risk Assessment Reports (with special emphasis on Nickel compounds)” by Aldenberg, T. (RIVM, Bilthoven, NL).  

· Level of protection: Pragmatically, the 5th percentile value with 50% confidence should be used.  

· Uncertainty considerations: Depending on the database and the confidence limits of the 5th percentile value derived from that database, an assessment factor (AF) should be applied on the 5th percentile value, thus PNEC = 5th percentile value/AF. The assessment factor should be between 1 and 5, to be judged on a case by case basis. In determining the size of the additional assessment factor to be applied, the following points were mentioned as a guide:

· The overall quality of the database and the end-points covered, e.g., if all the data are generated from “true” chronic studies (e.g., covering all sensitive life stages);

· The diversity and representativeness of the taxonomic groups covered by the database, including also the variation represented relating to differences in the life forms, feeding strategies and trophic levels of the organisms (see TGD);

· The mode of action of the chemical;

· 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; 

· Comparisons between field and mesocosm studies and the 5th percentile and mesocosm/field studies to evaluate the laboratory to field extrapolation.

3.2.7.3.3 Speciation & availability
Marine waters are characterised by high pH (typically around 8.3), high salinity (35%o) and high ionic strength. A typical composition of a coastal water is described in Table 3‑1.
Table 3‑1: Typical coastal water composition as reported by Brooks, 2006

	Parameter (unit)
	value

	pH
	8.2

	Ca (mg/L)
	397

	Mg (mg/L)
	1274

	Na (mg/L)
	10644

	K (mg/L)
	387

	S04 (mg/L)
	2603

	Cl (mg/L)
	19996

	alk mg CaCO3/L)
	36


The Baltic water composition is quite different as summarized in Table 3‑2.
Table 3‑2: Estimated ion-concentrations in the Baltic Sea (based on data in Kennish (1989)) 
	Element (X)
	ratio value (X/Cl)
	10th percentile (mg/L)
	90th percentile (mg/L)

	Ca
	0.02156
	11.7
	82.0

	Mg
	0.06693
	36.3
	254.6

	Na
	0.5536
	300
	2,103

	K
	0.021
	11.4
	58.8

	SO4
	0.1414
	76.8
	396.0


Unlike the inorganic composition of marine waters, DOC levels may vary considerable between marine water bodies.  Baltic Sea, North Sea and Mediterranean coastal waters have DOC level ranging between 1-10 mg/L.  Open Ocean waters usually has lower DOC, ranging between 0.5 and 1.8 mg/L (details see section 1.4.2).

In analogy with the freshwater environment, free cupric ions form complexes with both inorganic and organic ligands which will affect its availability and therefore toxicity.  

In an assessment of a modifying factor in copper toxicity, Arnold (2005) described a method to refine the saltwater copper criteria on a site-specific basis. The author undertook an extensive analysis of the relationship between DOC and toxicity of copper to the most sensitive saltwater genus in the U.S. EPA criteria database, Mytilus, and concluded that dissolved copper EC50s are highly correlated (r2 = 0.71, n = 54, p < 0.001) across a wide range of sample DOC concentrations (0.3–10 mg C/L) and are explained by the equation EC50 = 11.53DOC0.53 (Figure 3‑5).  This organic carbon relationship was used (Arnold et al., 2005) to assess the toxicity and to verify the applicability of the freshwater Biotic Ligand Model (BLM) in saltwaters with varying DOC levels. The use of the BLM indicated that there is a strong relationship between measured and BLM predicted copper EC50s (log transformed data, r2 = 0.76, p < 0.001, n = 44). The BLM predicted the observed EC50 values, across the DOC range, within a factor ±2 in 41 of 44 cases. However, the BLM tends to predict lower EC50s when measured EC50s are approximately <10 µg Cu/L. This may be due to limitations of the metal-dissolved organic matter interaction model in marine waters (Figure 3‑6).  
In this risk assessment, no link is made to the freshwater BLMs;  the copper availability in marine waters is assessed from the relationship between DOC and copper toxicity, as derived in Arnold (2005) and further assessed for other species below.
[image: image5.emf] 

 
Figure 3‑5: Dissolved copper EC50s for embryos of Mytilus galloprovincialis as a function of dissolved organic carbon (DOC) in a range of water samples (n=54, R2=0.71, P<0.01).  
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Figure 3‑6: Relationship between measured dissolved copper Mytilus sp. EC50s and Biotic Ligand Model predicted EC50s. The solid line represents unity of prediction and the dotted line represents unity, plus or minus a factor of two. 

A similar trend in the relationship between measured DOC (added as humic acids) and toxicity can indeed be seen by analysing the data from the research undertaken by Brooks (2006c, 2006d).  In these studies, the effects of copper exposure to Fucus vesiculosus-zoospore growth (Chromophycota, “bladderwrack”) and to Crassostreas gigas - embryo development (Mollusca, “Pacific oyster”) were assessed at different levels of added humic acids - DOC  (see also 3.5.1.1 and 3.5.1.2). The studies demonstrate a clear relationship between the dissolved copper NOEC/EC50 values and the DOC measured in the test media. As yet unpublished data, presented in the Tables below (CDA, 2007), on copper toxicity to embryo life stages (48 hour tests) of Mytilus galloprovincialis (Mollusca, “Mediterranean mussel”), Dendraster excentricus (Echinodermata, “Sand Dollar”) and Strongylocentrotus purpuratus (Echinodermata, “Purple Sea Urchin”) are also available which show this relationship between DOC and toxicity elicited by copper (Table 3‑3).  

Table 3‑3: Summary of measured DOC and dissolved Cu EC50 determinations for ambient water samples for Mytilus galloprovincialis, Strongylocentrotus purpuratus, and Dendraster excentricus testing performed
	 

	Test Media
	DOC

(mg/L)
	Dissolved Cu EC50 value in µg/L (95% confidence limits)

	
	
	Mytilus

galloprovincialis
	Dendraster 

Excentricus 
	Strongylocentrotus purpuratus

	GCML
	1.2
	10.9 (10.8-11.0)
	18.9 (18.7-19.2)
	14.8 (14.6-15.1)

	DOC I
	2.1
	21.0 (20.8-21.1)
	36.4 (35.8-36.9)
	24.3 (24.1-24.4)

	DOC II
	3.5
	31.6 (31.3-31.9)
	46.2 (45.4-47.0)
	30.2 (29.8-30.6)

	SF Bay
	5.0
	37.2 (37.0-37.5)
	>75.8 (NA-NA)
	46.4 (45.7-47.2)

	NSDB
	1.3
	14.5 (14.3-14.6)
	27.2 (26.7-27.8)
	16.6 (16.4-16.9)

	SSDB
	1.8
	9.2 (9.1-9.2)
	28.3 (27.9-28.7)
	17.4 (17.2-17.6)


Unpublished work by Eklund (2007) for the red macroalgae C tenuicorne shows a similar relationship, although this is based upon nominal TOC and copper concentrations and is therefore not included further.  

As some of the experiments were carried out in natural seawaters while others involved the addition of humic acid DOC to natural seawaters, the binding capacity of the DOC will vary and it is therefore assumed that 50% of the natural seawater DOC and 100% of the DOC added as humic acids is actively binding.  This assumption is supported by copper speciation data in marine waters.  Hiemstra and Van Riemsdijk (2006), used the data from Bruck and Bruland (2005) on copper complexation capacity and DOC concentrations (5 marine stations in the San-Fransisco Bay) and compared the free cupric ion concentrations measured  in these samples with the free cupric ion concentrations predicted by the generic  parameters for Cu2+ complexation to fulvic acids and subsequent NICA (Non Ideal Competitive Adsorption) modelling of the free cupric ion concentrations.  Using the fulvic acid binding constant for the modelling exercise, the authors successfully predicted the free cupric ion concentrations for all five saline samples.  The authors further reported that the free cupric ion binding capacity of copper to humic acids is about twice the one to fulvic acids (in Hiemstra and Van Riemsdijk (2006)- from Milne et al., 2003).  Therefore, the active DOC assumption (active DOC = 0.5 × natural background DOC) is supported by empirical data.  If all data were based upon natural background DOC, no correction factor would be required, because there would be a direct comparison of DOC within the database.  However, as previously mentioned, experiments investigating the effects of added DOC include the addition of humic acid (Brooks et al, 2006c, 2006d) to the test water, therefore it is necessary to differentiate between natural DOC binding effects, and the (expected) more active added DOC binding effects.  In order to do this, it is protective to assume the added DOC is all fully active, ie active DOC = (0.5 × natural background DOC) + (1.0 × added DOC as humic acid).  The protective nature of this assumption is fully discussed in Section 3.6.4.4, but can be summarised as follows; if the tests which included added DOC are excluded from the database and an SSD derived based upon natural DOC alone making no assumptions of “active” DOC, the derived HC5 is somewhat higher that that using the assumption that all background is 50% active and that added DOC is 100% active.
In order to assess whether the protective effects of DOC are comparable across the species, a statistical analysis of the data sets was undertaken using an Analysis of Covariance.  The F-statistics returned from the analysis confirmed that;

1 - There is significant inter-species sensitivity, and

2 - There is no significant difference between the slopes of the regressions obtained for the data sets

It can be concluded that when comparing the protective effects of active (ie. available for copper detoxification) DOC, there exists a statistically proven relationship between the fitting curves for the data sets of the six species, indicating the degree of protection provided by the DOC is similar (power function), with the differences in sensitivities described by the multiplier.  This correlation is expected, since the reduction in toxicity by binding to dissolved organic carbon is an extra-cellular function, and should not be species specific.  Figure 3‑7 presents a Log-Graphical representation of the individual dataset correlations of EC50 with active Dissolved Organic Carbon.  The measured humic acid- DOC is considered as 100% active; the “active” DOC of natural marine water is assumed to be 50% of the measured DOC, as discussed above.
The correlation presented is based upon EC50 data, because this provides a statistically stronger description of toxicity than the NOEC, which is a function of concentration range selection.  However, logically, since the complexation is an external mechanism, the correlation between DOC and the consequent reduction in toxicity will in practice be the same whether it be applied to the EC50, the EC10 or the NOEC.  Therefore, since the EC50 is statistically stronger than NOEC values, normalisation of NOEC data based upon the correlation derived from EC50 data is considered to be the most scientifically justified approach to provide a protective PNEC (Figure 3‑7). 
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Figure 3‑7: Log-Graphical representation of the individual dataset correlations of EC50 with active Dissolved Organic Carbon 
Since the six data sets are statistically equivalent, it is appropriate to combine them for derivation of an overall descriptor of the protective effects of DOC.  The data are presented graphically in Figure 3‑8, normalised to the most sensitive species in the data set. Such normalisation is done by dividing the average sensitivity of the species (at coastal water DOC of 2 mg/L – see also section 3.5.2) by the average sensitivity of the most sensitive species (M. edulis at DOC of 2 mg/L).
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Figure 3‑8: Log-Graphical representation of the correlation of EC50 (normalised to the most sensitive species in the data set) with active Dissolved Organic Carbon

In conjunction with the statistical assessment of the predictive power of the DOC correlation, all calibration data were plotted against the predicted EC50 data (Figure 3‑9).  A graphical representation of this analysis shows clearly that the combined DOC descriptor has the capacity to predict effects over six species representing three diverse phyla (Chromophycota, Mollusca, Echinodermata), indicating its applicability in normalising data from the high quality data set in order to define a chronic PNEC for the marine environment.  
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Figure 3‑9: Predictive capacity as shown by observed vs. predicted effect levels (EC50, as dissolved Cu) of the species and endpoint specific models.  Dotted lines indicate the range EC50 ( 2 to EC50 × 2.    

Incorporating this DOC normalisation into the high quality NOEC data set, for the largest datasets (Crassostreas gigas, n = 6, Fucus vesiculosis, n = 5), the DOC normalisation was able to reduce the uncertainty in the range of NOEC values.  In small datasets (n = 2) where the range was originally <2, the incorporation of DOC had an overall improvement of the data comparison (average factor 1.6 before normalisation, 1.4 after normalisation), but the results were less conclusive (Table 3‑4).  

Table 3‑4: Comparison between the interspecies variability in NOEC data before and after normalization
	
	Range before normalisation
	Factor
	Range after normalisation
	Factor

	Crassostreas gigas
	10.4 – 47.1
	4.5
	7.0 – 12.8
	1.8

	Fucus vesiculosis
	11.0 – 46.0
	4.2
	12.4 – 25.0
	2.0


	
	Range before normalisation
	Factor
	Range after normalisation
	Factor

	Paracentrotus lividus
	8.8, 16.5
	1.9
	9.3, 16.5
	1.8

	Phaeodactylum tricornutum
	3.1, 5.7
	1.8
	4.1, 4.9
	1.2

	Mytilus edulis
	6.0, 6.2
	1.0
	6.0, 7.2
	1.2


3.2.7.3.4 DOC origin and DOC characteristics 

The relationships between DOC and copper ecotoxicity as described above, already include a range a marine waters with DOM of different origin : the data-set on Mytilus edulis of Arnold (2005) for example includes marine waters from San Fransisco Bay, Puget Sound, Galveston Bay, Narrangasett Bay and the Pacific Ocean.  These figures therefore already indicate the great importance of the DOC quantity compared to the DOC quality for Cu-DOC binding.  

Considering that the Cu-DOC binding capacity may nevertheless vary in different coastal/marine waters due to differences in origin and quality of estuarine, coastal and marine Dissolved Organic Matter (DOM), the origin and variability of marine DOM, Cu-DOM binding capacities and copper related ecotoxicity has been further investigated below.   

An inverse relationship between Dissolved Organic Carbon (DOC) concentrations and salinity was generally observed (Cadée et al, 1982; Doval et al., 1999; Vignudelli et al., 2004 and Baker and Spencer, 2004), demonstrating the importance of conservative mixing of freshwater and marine DOM.  Already in 1992, Druffel et al (in Baker and Spencer, 2004) further reported the importance of autochthonous DOM for the marine waters DOM pool.

Vignudelli et al., 2004 measured DOC concentrations in the Coastal Mediterranean Sea and observed besides a conservative dilution of DOC also conservative mixing of humic-like fluorescence.  The authors reported an additional “protein like fluorescence” of marine origin (phytoplankton bloom and bacterial decay) and concluded that 60% of the marine DOC in the coastal Mediterranean waters could be considered to be of terrestrial origin, the remaining 40% was of marine autochthonous origin.

Considering the terrestrial as well as marine autochthonous origin of estuarine and marine DOM, the natural organic matter (NOM) quality can vary geographically and seasonally along estuarine gradients and coastal zones where the terrestrial versus autochthonous NOM contributions may change.  Variations in DOM quality, related to sources and characteristics of organic matter has been investigated from DOM absorbance and fluorescence measurements.  Although the exact relation between the absorbance and fluorescence of the DOM and its biogeogenic nature and structure are not known, these measurements do give indications of the DOM characteristics.  

-Baker and Spencer, (2004), studied the DOM characteristics (absorption at 340 nm - humic-like fraction) as well as a range of fluorescence parameters (fluorescence intensity and wavelength) from source to sea in the river Thyne water basin. From the fluorescence parameters, the authors distinguished humic-like Fluorophores A and C and protein-like fluorophores T (tryptophane-like) and B (tyrosine-like).  The Thyne water basin is characterized by tributaries influenced by natural DOM inputs (peat area’s and limestone area’s) as well as anthropogenic DOM inputs (sewage treatment plants).  The authors evaluated the geographic and seasonal variations in DOM characteristics (23 tributary and 7 estuarine stations sampled during 6 occasions in 2002 and 2003) and observed a strong correlation between the DOM absorbance (340 nm) and total DOC concentrations across all samples.   This correlation was much higher than the one observed between the fluorescence intensity parameters and DOC. 

 - Ferrari et al, 2000 analysed chromophorous DOM absorption coefficients (cDOM,  350-480 nm – humic-like fraction) and fluorescence emissions (excitation at 430-450 nm) during an extensive study in  a wide range of waters from  European Estuaries (Rhine and Rhone plumes) as well as European Atlantic and Mediterranean Seawaters.  The authors found relations between the chromophoric DOM, fluorescence emissions (excitation at 355 nm) and DOC concentrations.  The authors concluded from the relationships between  DOC and cDOM concentrations that in the river plume area’s, 40 to 60 % of the DOC is non-absorbing by visible light while in open sea, the entire DOC belongs to the chronomphorous DOM, with a specific absorption being lower then the ones observed in the river plume areas.  

- Obernoster and Herndl (2000) found that 43% of the for coastal N. Sea water DOM consisted of humic acids of terrestrial origin, compared to the Adriatic Sea DOM, consisting of 15% humic acids of autochthonous origin. The absorption and fluorescence characteristics of the Adriatic Sea samples were different from the ones of the N. sea samples.  

Seasonal variations in marine DOC levels observed in the N. Sea and Mediterranean Sea (eg Cadée et al., 1982, Scoullas et al., 2006, Pettine, 1999) further confirmed the autochthonous production of marine DOC during phytoplankton blooms and/or bacterial decay of POC.  Pettine, 1999 and Scoulas et al., 2006 observed summer enrichments of DOC in the Adriatic Sea and noted that this DOC enrichment was characterized by its colloidal form.  

Few authors have linked the DOC quality to the copper complexation capacity and copper ecotoxicity:

· Scoullas et al., 2006 observed increased DOC as well as an increased copper complexation capacity during the Mediterranean sea (Algan Sea) Navicula bloom.  This copper complexation capacity was however reduced in the post bloom summer period with the formation of colloidal DOC.  The authors measured the DGT labile copper fraction and showed that this fraction was rather constant, ranging between 13 to 34% in summer to 23 to 36% in winter, irrespective of the copper complexation capacity.  From the DGT measurements, the authors further concluded that the colloidal DOC-Cu was not available for uptake.
· Some authors describe the presence of different marine DOM ligands: a class of  very strong chelators (log K > 12) is designated as class 1 ligands. Weaker ligands are also present in natural waters, and are designated as class 2 ligands. Class 2 ligands have lower conditional stability constants (log K = 8-11) but are generally present at much higher concentrations. A close relationship between class 1 ligands and dissolved copper has been observed; it also suggests that copper and these ligands are linked by mechanisms or processes through which the concentration of one influences the concentration of the other (Van den Berg et al. (1987)

· Hiemstra and Van Riemsdijk, 2006, studied the biogeochemical speciation of iron and copper in marine waters.  With regards to the copper speciation data, Hiemstra and Van Riemsdijk (2006) used (as already mentioned above) the data from Bruce and Bruland (2005) on copper complexation capacity and DOC concentrations for 6 stations in the San-Fransisco Bay and compared the free cupric ion concentrations in these samples with the free cupric ion concentrations predicted by the generic  parameters for Cu2+ complexation to fulvic acids and subsequent NICA (Non Ideal Competitive Adsorption) modelling of the free cupric ion concentrations.  The authors used the fulvic acid binding constant for the modelling exercise, considering that the free cupric ion binding capacity of copper to humic acids is about twice the one to fulvic acids (data from Milne et al., 2003). The data demonstrated successful predictive capacity for all five saline samples.  For unknown reason, the predictive capacity for one sample, highly influenced by freshwater, was not well predicted.  
With regards to the iron speciation model, the authors summarize the available literature on DOM characteristics of marine waters as follows: the deep and intermediate waters are dominated by refractory DOM, well correlated to fluorescence emissions (220/420 nm), typical for humic-like fractions.  The surface water open ocean DOM additionally is further characterized by a protein-like fraction not correlated to fluorescence emissions. Interestingly, the authors showed that this autochthonous non-humic fraction also has strong iron binding properties.   

· Smith et al., 2007 studied the copper speciation in marine systems in relation to the organic matter complexation and ecotoxicity using embryos of the marine bivalve Mytilus galloprovincialis.  Samples were taken from a range of US estuaries and coastal zones (Narraganset Bay, Galveston Bay, Mugu Lagoon, Puget Sound, Granite Canyon Marine Laboratories and San Fransisco Bay. Sample salinity ranged from 5 to 35 ‰.  Dissolved organic carbon ranged from <1 mg C/L to ca. 10 mg C/L.  Chromium reducible suflide spans an even larger range from 2 to ca. 7000 nmol/L.  Thus, sample selection captured a range of parameter variability.  Fluorescent excitation versus emission matrices, rich in information on the molecular nature of organic matter, were measured.  Spectral resolution techniques were used to represent four fluorophores. The four fluorophores can be labelled tyrosine–like, tryptophan–like, humic and fulvic.   The relative concentrations of these four fluorophores were used as an indicator of organic matter quality.  To determine trends in this multidimensional dataset, principle component analysis was performed.  Two components explained greater then 96% of the data variation (Figure 3‑10).  Using a biplot (Figure 3‑10), where the scores and loadings on the two principle components are both plotted, it can be seen that DOC and EC50 correlate very well.  (i.e. corresponding points in close proximity to the origin).  No other variable is as similar in variation with EC50 as DOC.  In addition, Figure 3‑10 demonstrates that these samples had variable quality and three groups of samples can be visually identified based on groupings of points.  The close relation between the total DOC, irrespective of the DOM quality is further demonstrated from Figure 3‑11.
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Figure 3‑10: Biplot from principle component (PC) analysis of quality data and toxicity data matrix.  The scores (sample locations) are indicated as circles, sample sites (numbers) and the loadings (measured variables) are indicated as triangles).  Nine sample locations and seven variables were used for this analysis.  The two principle components account for 96% of the total variation of the dataset.
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Figure 3‑11: Relation between total DOC and EC50 of copper to Mytilus galloprovincialis
Conclusions

Considering the origin of estuarine and marine DOM, the estuarine and marine natural organic matter (NOM) quality vary geographically and seasonally along estuarine gradients and coastal zones where the terrestrial versus autochthonous NOM contributions may change.  

The DOM from terrestrial origin, is essentially transferred/diluted into the estuarine/marine waters in conservative manner. Part of the marine DOM from coastal and open sea systems consist of humic-like DOM of terrestrial origin.  The remainder of the coastal DOM and the surface open ocean oceanic waters have an autochthonous origin (phytoplankton blooms and decay of POC).   

The copper binding capacity of the DOC fraction of terrestrial origin has been well characterized.   The autochthonously formed marine DOM has distinct characteristics from terrestrial DOM with regards to its adsorption/fluorescence spectrum but is also characterized by a strong metal binding affinity (as demonstrated for copper and iron). 

The information on the influence of the DOM origin/quality on copper speciation (using DGT measurements as well as calculation of free cupric ion concentrations (from fulvic acid complexation capacities)) and on copper ecotoxicity to Mytilus provincialis further demonstrate that the amount of DOC and not the quality of the DOC is the key components to the copper availability and toxicity in coastal and marine waters.

3.2.7.4 Results

3.2.7.4.1 Chronic toxicity data

High quality chronic single-species toxicity tests, resulting in Q1 NOEC or EC10 values are restained for the PNEC derivation.  

Q2/Q3NOEC values are also considered in a weight of evidence approach.  Q2 NOECS are obtained from studies with violation of one quality criterium (see section 3.3) and include under more high quality studies based on nominal concentrations, but with sufficient information to allow for an accurate estimation of the background levels of copper in the test system. Q3 studies have several quality criteria issues and include studies based on nominal concentrations but without having information on the background level in the test media.   The reasons for assigning Q2/Q3 studies are specified in the footnote text.

Studies that have been excluded from the database are discussed separately.

3.2.7.4.1.1 Chronic toxicity to microalgae and higher plants

High quality dataset (Q1 data)

High quality chronic single-species toxicity tests, resulting in NOEC values for microalgae and higher plants, are summarised in Table 3‑6.  In accordance with the Guidance presented in the updated OECD Guideline 201 (2002), where Regulatory Guidelines have been followed, the test endpoint was inhibition of growth, expressed as logarithmic algal biomass increase (average growth rate) during the exposure period. From the database 11 individual NOECs for 4 different individual species were selected. Both chronic data on micro- and macro-algae (different kelp species) were observed in the database. The non-normalised NOEC values range from 2.9 µg l-1 Cu for Phaeodactylum tricornutum to 50.1 µg l-1 for Macrocystis pyrifera. 

Additional Q2 and Q3 data 

The Q2/Q3NOEC data are reported in Table 3‑7.  A
s mentioned above, Q2 and Q3  NOECs are obtained from studies with violation of oner or more quality criteria.  The reasons for assigning Q2/Q3 studies are specified in the footnote text. 
Excluded data 

The excluded studies are described in Table 3‑8.  The exclusions are based on the following quality criteria issues: 

- Canterford (1978) and Lage (1996) incorporated EDTA into the test medium.  Considering the very strong complexation capacity of copper to EDTA, these NOECs (>200 µg Cu/L) are excluded from the quality ranking and subsequent data analysis in derivation of an environmental HC5-50. 
- Kosakowska et al.,1988 reported results from a single test concentration.  At the tested concentration (50µg Cu/L),  47% inhibition is observed in the Chlorella test; 80% inhibition in the Anabaena test and thus, no reliable NOEC data could be calculated.  
- Research undertaken by Brand (1986) included a large range of phytoplankton species but the focus of the research was to associate observed toxicity with the concentration of Cu2+ ions in the test media.   Copper exposure were not measured, copper speciation was controlled by the addition of varying concentrations of the organic chelators NTA and EDTA, and Cu2+ ion concentrations were calculated by speciation models.  Because of the inclusion of these artificial chelators, the results can not be accurately translated with the DOC relationship developed above and it is therefore not considered appropriate to include these data in the marine SSD data set.  
The exclusion of the above mentioned data-sets is in accordance with the risk assessment of other metals (eg. Cd) where all studies of effects on algae where EDTA was used in the medium were excluded from the data base used for PNEC derivation.    

Considering the high relevance of the Brand (1986) data, this study is however further described and investigated below.  In the Brand (1986) reference, copper concentrations were not measured, and the use of log pCu concentration changes (typically 0.63, 6.3, 63 µg l-1) would further make the data difficult to incorporate into a high quality data set.  However, the author did report that diatoms were least sensitive, with cyanobacteria most sensitive.  The growth of an oceanic cyanobacteria (Synechococcus WH7808) was 50% inhibited at calculated free cupric ion concentrations as low as pCu 10.9 ([Cu2+] = 10-10.9).   In the three experiments performed (Expt. 1 in Sargasso Sea water, Expt. 2 in Woods Hole Oceanic Institution water, Expt. 3 in Gulf Stream water [Cd only]) diatoms were least sensitive, with cyanobacteria most sensitive.  In each experiment, the water was pre-treated, and the concentrations of free Cupric ions calculated as the sum of the added ion concentration (controlled by chelators) and an estimate of background concentration based on published values (not reported).  The authors state that because the added concentration is much higher than the background, this addition is negligible.  The results in Brand (1986), therefore, are based on nominal concentrations.  Please note that Moffet et al., 1997 reported however relative high copper levels around Woods Hole (around 3 µg Cu/L). 

When reviewing the data in respect of nominal total dissolved copper concentrations, the nominal added concentration steps are in molar orders of magnitude at the lower concentrations; 

Expt. 1: 10-8M (0.63 µg l-1), 10-7M (6.3 µg l-1), 10-6M (63 µg l-1), 2 × 10-6M (126 µg l-1), 4 × 10-6M (252 µg l-1), 10-5M (630 µg l-1), 2 × 10-5M (1260 µg l-1) 

Expt. 2: 10-8M (0.63 µg l-1), 10-7M (6.3 µg l-1), 10-6M (63 µg l-1), 3 × 10-6M (189 µg l-1), 10‑5M (630 µg l-1), 2 × 10-5M (1260 µg l-1), 4 × 10-5M (2520 µg l-1) – reported as 4 × 10-6M. 

The reportedly sensitive species data are presented below;

	
	Reproduction rate (% of control)

	Experiment 1
	Control
	10-8M

0.63 µg l-1
	10-7M

6.3 µg l-1
	10-6M

63 µg l-1

	Synechococcus sp (WH7808) (Cyanobacteria)
	1.40

(-)
	1.50

(107)
	1.33*

(95)
	0.95*

(68)

	Experiment 2
	
	
	
	

	Synechococcus bacillaris (Cyanobacteria)
	0.92

(-)
	1.09

(118)
	0.82*

(89)
	0.0*

(0)

	Synechococcus sp (WH7808) (Cyanobacteria)
	1.77

(-)
	1.76

(99)
	1.81

(102)
	1.23*

(69)

	Synechococcus sp (WH8008) (Cyanobacteria)
	1.37

(-)
	1.38

(100)
	1.12*

(82)
	0.80*

(58)


* Assessed as significant based on observed response data
In summary, when assessing these data on the basis of total dissolved copper concentrations, it can be concluded that the results from this study are based upon nominal data, with concentration steps significantly greater than those which are considered acceptable to define a dose response.  Because of the large (order of magnitude) difference in steps, it is not possible to derive a meaningful NOEC, although a non-statistical review of the data would suggest the EC10 value in all cases would be at or around the nominal 6.3 µg l-1 added test concentration.  If assessed purely on nominal NOEC, the results for WH7808 would appear contradictory in respect of sensitivity between the two experiments.  The authors state however that the WH7808 had the same sensitivity in the two experiments.  A decrease in toxicity in exp 2 could be explained by antagonism between Cu toxicity and Mn limitation and by the fact that in the Vineyard Sound water (exp.2) Mn activity was sensibly higher than in the Sargasso water (exp.1). This further underlines the inappropriateness of incorporating these data into a data set based upon total dissolved copper and therefore additional analysis of the dataset was needed.
To further analyse this dataset, an additional assessment, using the reported cupric ion concentration has been undertaken.  From the original reported data in the Brand (1986) reference, Table 3‑5 has been generated comparing the toxicity against the computed Cu2+ molarity data.  Because of the order of magnitude differences in the test concentrations, NOEC values are not considered the most robust data to use, therefore EC10-values have been derived from the response curves, fitted to the data from the individual tests.  Log-logistic (Hill) and Log-Normal models were used, and the calculation was performed using the REGTOX software developed by Eric Vindimian (http://eric.vindimian.9online.fr/DOC_en_web/doc_en_2.htm).

From the data presented in Table 3‑5 it can be seen that the lowest observed EC10 value for any species in the data set is 4.84 × 10-12 M Cu2+.

In order to correlate the derived EC10 values to those likely to be observed in the field, an estimation of the amount of Cu2+ in typical onshore waters (DOC = 2 mg l-1) was made using the copper speciation module embedded within the MAMPEC (http://delftsoftware.wldelft.nl/index.php?option=com_content&task=view&id=176&Itemid=96) model.  This speciation module (as described in TNO report TNO-MEP R98/382, Karman et al., 1998) was developed specifically for the marine environment and employs the TITRATOR speciation model combined with marine specific parameters to derive free cupric ion concentrations.  From this calculation, a concentration of 4.84 × 10-12 M Cu2+ (the lowest EC10 from Brand (1986) is equivalent to a total dissolved copper concentration of approximately 10 µg l-1. This estimation is to be considered as an estimation due to the uncertainties in the test set-up (see above) and possibly in the model calculations.
Additional information on copper sensitivity to cyanobacteria was obtained from other authors:

-Croot (2003b) found, in uptake/efflux experiments, that sensitivity of WH7803 was related to an inability to regulate internal concentration at external concentrations of pCu >10‑11 M.  

-Mann (2002) on the other hand found that Synechococcus were relatively copper resistant across a range of environments in the Sargasso Sea and conclude that copper plays a role in cyanobacteria ecology in the Sargasso Sea.

-Küpper (2003) undertook experiments with photosynthetic organisms to investigate in vivo substitution of Mg2+ by Cu2+. Prolonged culture in a high Cu medium reversibly increased the resistance of the strain to Cu2+. Culturing without added Cu lowered the threshold concentrations of various deleterious effects more than 10-fold within 8 months of de-adaptation. 

The latter overview therefore shows large differences in sensitivity among marine phytoplankton and among cyanobacteria populations but does not indicate towards a sensitivity <10µg Cu/L for a coastal marine water with 2 mg DOC/L. 

- Anderson & Kautsky, 1996, investigated the effect of copper on reproductive stages of Fucus vesiculosus in natural brackish water. The study has clear limitations as regards to setting an absolute NOEC to be used for the HC5 derivation. The most important limitation is that we are dealing with multiple stressors not considered under RAs. The key issues are:
· The sensitivity of  Fucus vesiculosus was tested at a range of salinities  The most sensitive endpoint was germination, at a suboptimal salinity of 6 %° showing an 35-40% decrease in germination after exposure at fertilisation to added Cu concentrations of 2.5-10 µg/l (nominal concentrations). As LOEC for the germination endpoint, a range of copper concentrations (2.5-10 µg Cu/L = 4.5-13.5 µg Cu/L total dissolved when considering the reported background levels of 2 to 3 µg Cu/l) are reported by the authors because no clear dose-response is observed for the three lowest test concentration: similar germination values are observed between 2.5 – 10 µg Cu/L

· The study was performed in different periods and all data pooled without providing the detailed information.

· Several authors have criticized the paper.  
Considering the many quality issues with regards to its use for RA purposes, the paper was not used for the PNEC derivation.

Table 3‑5: Calculated EC10 values for Cu2+ from Brand (1986)
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pCu

14.00

12.88

11.92

10.92

10.62

10.31

9.88

9.53

EC10

EC10

[Cu

2+

]

4.76E-14 M

6.28E-13 M

5.73E-12 M

5.73E-11 M

1.14E-10 M

2.33E-10 M

6.28E-10 M

1.41E-09 M

Hill

LogNormal

Diatoms

Asterionella glacialis

1.91

2.00

1.91

1.90

1.60

0.27

0.00

0.00

9.98E-11

1.01E-10

Bacteriastrum 

delicatulum

1.41

1.48

1.46

1.45

1.29

1.12

0.00

0.00

1.95E-10

2.00E-10

Bacteriastrum 

hyalinum

1.90

1.92

2.05

1.69

1.51

1.48

0.00

0.00

1.97E-10

2.06E-10

Biddulphia moluliensis

1.49

1.48

1.51

1.58

1.62

1.54

0.96

0.00

5.32E-10

5.16E-10

Ditylum brightwellii

1.67

1.56

1.82

1.78

1.84

1.77

0.00

0.00

3.97E-10

Can't be calculated

Hemiaulus sinensis

1.67

1.71

1.58

1.66

1.78

1.49

0.00

0.00

2.31E-10

2.30E-10

Lithodesmium 

undulatum

1.37

1.37

1.45

1.45

1.56

1.63

0.00

0.00

4.25E-10

Can't be calculated

Rhizosolenia setigera

1.58

1.60

1.50

1.46

1.50

1.01

0.00

0.00

1.75E-10

1.71E-10

Rhizosolenia 

stolterfothii

2.02

1.96

1.99

1.86

1.46

1.00

0.00

0.00

7.78E-11

7.81E-11

Skeletonema 

costatum

2.56

2.64

2.74

2.72

2.41

2.63

2.17

1.47

4.29E-10

4.50E-10

Streptotheca tamesis

1.80

1.85

1.85

1.70

1.48

1.20

0.00

0.00

1.40E-10

1.37E-10

Thalassiosira 

oceanica

1.81

1.89

1.90

1.94

2.01

1.87

0.99

0.91

2.03E-10

2.19E-10

Thalassiosira 

pseudonana

1.81

1.72

1.77

1.83

1.64

1.37

0.77

0.54

1.07E-10

1.14E-10

Coccolithophores

Cyclococcolithina 

leptopora

0.69

0.62

0.57

0.54

0.32

0.00

0.00

0.00

6.29E-11

6.08E-11

Emiliania huxleyi

1.28

1.27

1.31

1.24

1.27

1.21

1.07

1.01

3.83E-10

3.80E-10

Gephyrocapsa 

oceanica

1.38

1.39

1.41

1.44

1.21

0.00

0.00

0.00

1.11E-10

1.11E-10

Hymenomonas 

carterae

1.18

1.15

1.25

1.15

1.03

0.75

0.16

0.00

1.10E-10

1.11E-10

Umbilicosphaera 

hulburtiania

0.74

0.76

0.78

0.45

0.36

0.34

0.29

0.00

6.89E-12

8.45E-12

Umbilicosphaera 

sibogae

0.74

0.77

0.72

0.74

0.70

0.54

0.00

0.00

1.85E-10

1.86E-10

Dinoflagellates

Thoracosphaera 

heimii

0.65

0.63

0.56

0.28

0.13

0.00

0.00

0.00

1.43E-11

1.39E-11

Cyanobacteria

Synechococcus sp. 

1.40

1.50

1.33

0.95

0.00

0.00

0.00

0.00

4.97E-11

4.88E-11

EXPERIMENT 2 - Vineyard Sound seawater, 33ppt salinity

pCu

14.00

12.80

11.96

10.97

10.49

9.93

9.58

9.15

[Cu

2+

]

4.76E-14 M

7.55E-13 M

5.22E-12 M

5.10E-11 M

1.54E-10 M

5.59E-10 M

1.25E-09 M

3.37E-09 M

Diatoms

Skeletonema 

costatum

2.13

2.06

2.02

2.31

2.07

2.23

1.69

1.41

9.59E-10

9.58E-10

Streptotheca tamesis

1.38

1.43

1.46

1.45

1.01

0.00

0.00

0.00

1.29E-10

1.23E-10

Coccolithophores

Emiliania huxleyi

1.20

1.26

1.31

1.33

1.13

1.01

0.93

0.00

9.92E-10

1.05E-09

Emiliania huxleyi

1.17

1.13

1.17

1.15

0.96

1.09

1.03

0.87

4.75E-10

4.35E-10

Emiliania huxleyi

1.40

1.43

1.32

1.13

1.05

1.24

1.13

1.14

Can't be calculated

Hymenomonas 

carterae

1.31

1.34

1.33

1.37

1.31

0.89

0.25

0.00

3.21E-10

3.32E-10

Dinoflagellates

Gymnodinium sp.

0.62

0.62

0.75

0.73

0.70

0.44

0.00

0.00

4.90E-10

4.59E-10

Peridinium sp.

0.71

0.75

0.66

0.54

0.46

0.00

0.00

0.00

7.44E-11

6.41E-11

Peridinium sp.

0.34

0.36

0.31

0.26

0.00

0.00

0.00

0.00

4.46E-11

4.40E-11

Prorocentrum sp. 

0.56

0.59

0.54

0.55

0.32

0.00

0.00

0.00

9.32E-11

8.74E-11

Prorocentrum sp. 

0.40

0.43

0.42

0.40

0.26

0.00

0.00

0.00

9.79E-11

9.58E-11

Prorocentrum sp. 

0.68

0.73

0.58

0.31

0.00

0.00

0.00

0.00

3.62E-11

3.91E-11

Thoracosphaera 

heimii

0.63

0.66

0.64

0.41

0.00

0.00

0.00

0.00

3.99E-11

3.82E-11

Thoracosphaera sp.

0.59

0.57

0.57

0.54

0.48

0.32

0.00

0.00

4.41E-10

4.41E-10

Thoracosphaera sp.

0.63

0.63

0.65

0.56

0.54

0.27

0.00

0.00

2.12E-10

4.37E-10

Cyanobacteria

Synechococcus 

bacillaris

0.92

1.09

0.82

0.00

0.00

0.00

0.00

0.00

4.84E-12

Can't be calculated

Synechococcus sp.

1.77

1.76

1.81

1.23

0.00

0.00

0.00

0.00

4.16E-11

4.04E-11

Synechococcus sp. 

1.54

1.55

1.54

1.47

1.33

0.00

0.00

0.00

1.47E-10

1.48E-10

Synechococcus sp. 

1.37

1.38

1.12

0.80

0.00

0.00

0.00

0.00

4.02E-11

3.76E-11


Table 3‑6: Overview of the high quality Q1 chronic NOEC values for algae  
	Substance
	Species 
	Age and/or size of test organism
	Test duration
	Effect parameter
	Endpoint
	Value (µg/l)
	Chemical Analysis 
	Dose – response 
	Administration of test substance
	Temp. (°C)
	Cu background
(µg/l)
	DOC
	pH
	Salinity (g/l)
	Test water
	Reference

	Copper
	Macrocystis pyrifera, motile zoospore
	Zoospores
	19 days
	sporophyte growth
	NOEC
	10.2
	measured
	yes
	static renewal
	13-15
	<0.6m
	2.0e
	7.8-8.3
	35-37
	artificial filtered seawater
	Anderson et al., 1990 

	Copper
	Macrocystis pyrifera, motile zoospore
	Zoospores
	19 days
	germination
	NOEC
	(50.1)
	measured
	yes
	static renewal
	13-15
	<0.6m
	2.0e
	7.8-8.3
	35-37
	artificial filtered seawater
	Anderson et al., 1990

	Copper
	Macrocystis pyrifera, motile zoospore
	Zoospores
	19 days
	germ tube growth
	NOEC
	10.2
	measured
	yes
	static renewal
	13-15
	<0.6m
	2.0e
	7.8-8.3
	35-37
	artificial filtered seawater
	Anderson et al., 1990 

	Copper chloride
	Fucus vesiculosis
	Zoospore
	14 days
	Growth
	NOEC
	11
	measured
	yes
	flow through
	21
	4.2m
	1.67m


	8.1
	30.9
	natural filtered seawater
	Brooks, S., 2006d

	Copper chloride
	Fucus vesiculosis
	zoospore
	14 days
	Growth
	NOEC
	14
	measured
	yes
	flow through
	21
	2.5m
	1.05 
	8.1
	31.1
	natural filtered seawater,+ 0.09 mg DOC/L added as humic acids
	Brooks, S., 2006d

	Copper chloride
	Fucus vesiculosis
	zoospore
	14 days
	Growth
	NOEC
	18.5
	measured
	yes
	flow through
	21
	2.3m
	2.11m
	8.1
	31.0
	natural filtered seawater,+ 0.56 mg DOC/L added as humic acids
	Brooks, S., 2006d

	Copper chloride
	Fucus vesiculosis
	zoospore
	14 days
	Growth
	NOEC
	32
	measured
	yes
	flow through
	21
	2.9m
	2.56m
	8.1
	31.4
	natural filtered seawater

,+ 1.65 mg DOC/L added as humic acids
	Brooks, S., 2006d

	Copper chloride
	Fucus vesiculosis
	zoospore
	14 days
	Growth
	NOEC
	46
	measured
	yes
	flow through
	21
	2.8m
	2.88m
	8.1
	30.9
	natural filtered seawater

,+ 2.03 mg DOC/L added as humic acids
	Brooks, S., 2006d

	Copper sulphate
	Phaeodactylum tricornutum
	103 cells/ml
	72 hours
	Growth rate
	EC10
	2.9
	measured
	yes
	static
	20
	NR
	1.0m
	8.2-8.3
	31.0
	natural filtered seawater
	Simpson, 2003

	Copper chloride
	Skeletonema costantum
	104 cells/ml
	72 hours
	Growth rate
	NOEC
	7.5
	measured
	yes
	static
	20
	<0.4m
	2.19m
	8.2-8.6
	31.0
	natural filtered seawater
	Smyth, D. 2006a 

	Copper chloride
	Phaeodactylum tricornutum
	104 cells/ml
	72 hours
	Growth rate
	NOEC
	5.7
	measured
	yes
	static
	20
	<0.4m
	2.19m
	8.2-8.3
	31.0
	natural filtered seawater
	Smyth, D. 2006b


E = value was estimated 
M = value was measured and reported

NR = Background concentration not reported, but since results are based on measured concentrations, this does not affect the validity of the final result

NOEC values in parentheses are not included in the derivation of a species mean NOEC, because they are not the most sensitive biological endpoint for the species

Table 3‑7: Overview of the Q2 and Q3 NOEC values for marine algae 
	Substance
	Species 
	Age and/or size of test organism
	Test duration
	Effect parameter
	Endpoint
	Value (µg/l)
	Analysis of concentration
	Dose – response 
	Administration of test substance
	Cu background
(µg/l)
	DOC
	Temp. (°C)
	pH
	Salinity (g/l)
	Test water
	Reference

	Q2 Data

	Copper sulphate
	Nitzschia thermalis
	Not reported
	Not reported
	Growth
	NOEC
	32
	nominal
	yes
	static
	0.5e
	0.3e
	16
	Not reported
	Not reported
	Artificial seawater (Aquil) excl EDTA
	Metaxas, A. and A. G. Lewis 1991

	Copper sulphate
	Skeletonema costatum
	Not reported
	Not reported
	Growth
	NOEC
	25


	nominal
	yes
	static
	0.5e
	0.3e
	16
	Not reported
	Not reported
	Artificial seawater (Aquil) excl EDTA
	Metaxas, A. and A. G. Lewis 1991

	Not reported
	Prorocentrum minimum
	Not reported
	96 hours
	Growth
	NOEC
	632
	nominal
	yes
	static
	0.5e
	2.0e
	19
	8.2
	Not reported
	Nutrient deficient filtered natural seawater
	Miao, A.-J., W.-X. Wang, et al. 2005

	Not reported
	Dunaliella tertiolecta
	Not reported
	96 hours
	Growth
	NOEC
	3160
	nominal
	yes
	static
	0.5e
	2.0e
	19
	8.2
	Not reported
	Nutrient deficient filtered natural seawater
	Miao, A.-J., W.-X. Wang, et al. 2005

	Not reported
	Synechococcus sp.
	Not reported
	96 hours
	Growth
	NOEC
	8.7
	nominal
	yes
	static
	0.5e
	2.0e
	19
	8.2
	Not reported
	Nutrient deficient filtered natural seawater
	Miao, A.-J., W.-X. Wang, et al. 2005

	Not reported
	Thallasiosira weisflogii
	Not reported
	96 hours
	Growth
	NOEC
	318
	nominal
	yes
	static
	0.5e
	2.0e
	19
	8.2
	Not reported
	Nutrient deficient filtered natural seawater
	Miao, A.-J., W.-X. Wang, et al. 2005

	Q3 Data

	Copper sulphate
	Laminaria saccharina, gametophytes
	young sporophyte (1-3 cm)
	9 days
	growth
	NOEC
	50
	nominal
	yes
	renewal every four days
	1.1e
	2.0e
	10
	Not reported
	Not reported
	filtered seawater
	Chung & Brinkhuis, 1986 

	Copper sulphate
	Laminaria saccharina, gametophytes
	young sporophyte (8-10 cm)
	9 days
	growth
	EC10
	4.4
	nominal
	yes
	renewal every four days
	1.1e
	2.0e
	10
	Not reported
	Not reported
	filtered seawater
	Chung & Brinkhuis, 1986 

	Copper chloride
	Phaeodactylum tricornutum
	Not reported
	Not reported
	Growth
	NOEC
	50
	nominal
	yes
	static
	1.1e
	0.5e
	18
	7.6
	35
	Filtered natural seawater DOC removed C18 filter
	Cid, A., C. Herrero, et al. 1995

	Copper sulphate
	Skeletonema costatum
	104 cells/ml
	12 days
	Growth
	EC10
	500


	nominal
	yes
	static
	0.5e
	0.3e
	24
	Not reported
	30
	Artificial sea water
	Rao & Latheef, 1989 

	Copper sulphate
	Gymnodinium splendens
	Not reported
	72 hours
	Biomass
	NOEC
	10
	nominal
	yes
	static
	1.1e
	2.0e
	Not reported
	Not reported
	32
	Filtered natural seawater
	Saifullah, S.M. 1978

	Copper sulphate
	Prorocentrans micans
	Not reported
	72 hours
	Biomass
	NOEC
	5
	nominal
	yes
	static
	1.1e
	2.0e
	Not reported
	Not reported
	32
	Filtered natural seawater
	Saifullah, S.M. 1978

	Copper sulphate
	Scrippsiella faeroense
	Not reported
	72 hours
	Biomass
	NOEC
	5
	nominal
	yes
	static
	1.1e
	2.0e
	Not reported
	Not reported
	32
	Filtered natural seawater
	Saifullah, S.M. 1978

	Copper chloride
	Dunaliella minuta
	Not reported
	96 hours
	Growth
	EC10
	136
	nominal
	yes
	static
	0.5e
	0.3e
	15
	7.4
	Not reported
	Artificial seawater
	Visviki I & Rachlin JW  1991

	Copper chloride
	Chlamydomonas bullosa
	Not reported
	96 hours
	Growth
	EC10
	4.6
	nominal
	yes
	static
	0.5e
	0.3e
	15
	Not reported
	Not reported
	Artificial seawater 
	Visviki I & Rachlin JW 1994

	Not reported
	Dunaliella salina


	Not reported
	96 hours
	Growth
	NOEC
	336
	nominal
	yes
	static
	0.5e
	0.3e
	Not reported
	Not reported
	Not reported
	Artificial seawater 
	Visviki I & Rachlin JW 1994

	Copper sulphate
	Chaetoceros sp.
	Not reported
	7.5 days
	Growth
	NOEC
	2.5
	nominal
	yes
	static
	0.5e
	0.3e
	25
	Not reported
	Not reported
	Artificial medium
	Zhang et al. 1988 


E = Value was estimated 

M = Value was measured and reported

Table 3‑8: Overview of the excluded values for marine algae (experimental design included EDTA and/or NTA)

	Substance
	Species 
	Age and/or size of test organism
	Test duration
	Effect parameter
	Endpoint
	Value (µg/l)
	Analysis of concentration
	Dose – response 
	Administration of test substance
	Temp. (°C)
	pH
	Salinity (g/l)
	Test water
	Reference

	Copper chloride
	Amphidinium carterae
	Not reported
	10 days
	Growth
	NOEC
	223
	measured
	yes
	static
	Not reported
	Not reported
	Not reported
	Artificial seawater (ESAW) incl. EDTA
	Lage, O.M., et al. 1996

	Copper sulphate
	Ditylum brightwelli
	Not reported
	14 days
	Yield
	NOEC
	150
	measured
	yes
	static
	14
	Not reported
	Not reported
	Artificial seawater (SiO2) incl. EDTA
	Canterford, et al. 1978

	Copper sulphate
	Chlorella vulgaris
	Not reported
	7 days
	Chlorophyll a
	NOEC
	<50
	nominal
	no
	static
	28
	Not reported
	Not reported
	Artificial medium
	Kosakowska et al.,1988 

	Copper sulphate
	Anabaena variabilis
	Not reported
	7 days
	Chlorophyll a
	NOEC
	<50
	nominal
	no
	static
	28
	Not reported
	Not reported
	Artificial medium
	Kosakowska et al.,1988 

	Copper sulphate
	Fucus vesiculosis
	Unfertilized eggs
	Not reported
	Germination
(most sensitive endpoint)
	LOEC
	2.4-10

	nominal
	no
	static
	14
	Not reported
	6%0
(most sensitiver)
	Natural water
	Anderson and Kausky, 1996

	Copper sulphate
	Asterionella glacialis
	Not reported
	4-5 weeks
	reproduction
	EC10
	101.8
	nominal
	yes
	renewal
	25
	8.2
	37
	reconstituted natural water
	Brand et al., 1986 

	Copper sulphate
	Bacteriastrum delicatulum
	Not reported
	4-5 weeks
	reproduction
	EC10
	142.7
	nominal
	yes
	renewal
	25
	8.2
	37
	reconstituted natural water
	Brand et al., 1986 

	Copper sulphate
	Bacteriastrum hyalinum
	Not reported
	4-5 weeks
	reproduction
	EC10
	60.3
	nominal
	yes
	renewal
	25
	8.2
	37
	reconstituted natural water
	Brand et al., 1986 

	Copper sulphate
	Biddulphia moluliensis
	Not reported
	4-5 weeks
	reproduction
	EC10
	386.4
	nominal
	yes
	renewal
	25
	8.2
	37
	reconstituted natural water
	Brand et al., 1986 

	Copper sulphate
	Ditylum brightwellii
	Not reported
	4-5 weeks
	reproduction
	EC10
	312.2
	nominal
	yes
	renewal
	25
	8.2
	37
	reconstituted natural water
	Brand et al., 1986 

	Copper sulphate
	Emiliania huxleyi
	Not reported
	4-5 weeks
	reproduction
	EC10
	24.4
	nominal
	yes
	renewal
	25
	8.2
	33
	reconstituted natural water
	Brand et al., 1986 

	Copper sulphate
	Emiliania huxleyi
	Not reported
	4-5 weeks
	reproduction
	EC10
	128.3
	nominal
	yes
	renewal
	25
	8.2
	33
	reconstituted natural water
	Brand et al., 1986 

	Copper sulphate
	Emiliania huxleyi
	Not reported
	4-5 weeks
	reproduction
	EC10
	377.8
	nominal
	yes
	renewal
	25
	8.2
	33
	reconstituted natural water
	Brand et al., 1986 

	Copper sulphate
	Emiliania huxleyi
	Not reported
	4-5 weeks
	reproduction
	EC10
	413.9
	nominal
	yes
	renewal
	25
	8.2
	37
	reconstituted natural water
	Brand et al., 1986 

	Copper sulphate
	Gephyrocapsa oceanica
	Not reported
	4-5 weeks
	reproduction
	EC10
	118.2
	nominal
	yes
	renewal
	25
	8.2
	37
	reconstituted natural water
	Brand et al., 1986 

	Copper sulphate
	Hemiaulus sinensis
	Not reported
	4-5 weeks
	reproduction
	EC10
	248
	nominal
	yes
	renewal
	25
	8.2
	37
	reconstituted natural water
	Brand et al., 1986 

	Copper sulphate
	Hymenomonas carterae
	Not reported
	4-5 weeks
	reproduction
	EC10
	110.1
	nominal
	yes
	renewal
	25
	8.2
	37
	reconstituted natural water
	Brand et al., 1986 

	Copper sulphate
	Hymenomonas carterae
	Not reported
	4-5 weeks
	reproduction
	EC10
	330.7
	nominal
	yes
	renewal
	25
	8.2
	33
	reconstituted natural water
	Brand et al., 1986 

	Copper sulphate
	Lithodesmium undulatum
	Not reported
	4-5 weeks
	reproduction
	EC10
	348
	nominal
	yes
	renewal
	25
	8.2
	307
	reconstituted natural water
	Brand et al., 1986 

	Copper sulphate
	Cyclococcolithina leptopora
	Not reported
	4-5 weeks
	reproduction
	EC10
	0.5
	nominal
	yes
	renewal
	25
	8.2
	37
	reconstituted natural water
	Brand et al., 1986 

	Copper sulphate
	Gymnodinium sp.
	Not reported
	4-5 weeks
	reproduction
	EC10
	436
	nominal
	yes
	renewal
	25
	8.2
	33
	reconstituted natural water
	Brand et al., 1986 

	Copper sulphate
	Peridinium sp.
	Not reported
	4-5 weeks
	reproduction
	EC10
	16.4
	nominal
	yes
	renewal
	25
	8.2
	33
	reconstituted natural water
	Brand et al., 1986 

	Copper sulphate
	Peridinium sp.
	Not reported
	4-5 weeks
	reproduction
	EC10
	11
	nominal
	yes
	renewal
	25
	8.2
	33
	reconstituted natural water
	Brand et al., 1986 

	Copper sulphate
	Prorocentrum sp. 
	Not reported
	4-5 weeks
	reproduction
	EC10
	5.2
	nominal
	yes
	renewal
	25
	8.2
	33
	reconstituted natural water
	Brand et al., 1986 

	Copper sulphate
	Prorocentrum sp. 
	Not reported
	4-5 weeks
	reproduction
	EC10
	88.9
	nominal
	yes
	renewal
	25
	8.2
	33
	reconstituted natural water
	Brand et al., 1986 

	Copper sulphate
	Prorocentrum sp. 
	Not reported
	4-5 weeks
	reproduction
	EC10
	99.8
	nominal
	yes
	renewal
	25
	8.2
	33
	reconstituted natural water
	Brand et al., 1986 

	Copper sulphate
	Synechococcus bacillaris
	Not reported
	4-5 weeks
	reproduction
	EC10
	6.2
	nominal
	yes
	renewal
	25
	8.2
	33
	reconstituted natural water
	Brand et al., 1986 

	Copper sulphate
	Synechococcus sp. 
	Not reported
	4-5 weeks
	reproduction
	EC10
	105.7
	nominal
	yes
	renewal
	25
	8.2
	33
	reconstituted natural water
	Brand et al., 1986 

	Copper sulphate
	Synechococcus sp. 
	Not reported
	4-5 weeks
	reproduction
	EC10
	98.3
	nominal
	yes
	renewal
	25
	8.2
	33
	reconstituted natural water
	Brand et al., 1986 

	Copper sulphate
	Thoracosphaera heimii
	Not reported
	4-5 weeks
	reproduction
	EC10
	4.3
	nominal
	yes
	renewal
	25
	8.2
	37
	reconstituted natural water
	Brand et al., 1986 

	Copper sulphate
	Thoracosphaera sp.
	Not reported
	4-5 weeks
	reproduction
	EC10
	82.6
	nominal
	yes
	renewal
	25
	8.2
	37
	reconstituted natural water
	Brand et al., 1986 

	Copper sulphate
	Thoracosphaera heimii
	Not reported
	4-5 weeks
	reproduction
	EC10
	24.5
	nominal
	yes
	renewal
	25
	8.2
	33
	reconstituted natural water
	Brand et al., 1986 

	Copper sulphate
	Thoracosphaera sp.
	Not reported
	4-5 weeks
	reproduction
	EC10
	59.1
	nominal
	yes
	renewal
	25
	8.2
	33
	reconstituted natural water
	Brand et al., 1986 

	Copper sulphate
	Umbilicospharera hulburtiania
	Not reported
	4-5 weeks
	reproduction
	EC10
	26.1
	nominal
	yes
	renewal
	25
	8.2
	37
	reconstituted natural water
	Brand et al., 1986 

	Copper sulphate
	Umbilicosphaera sibogae
	Not reported
	4-5 weeks
	reproduction
	EC10
	154
	nominal
	yes
	renewal
	25
	8.2
	37
	reconstituted natural water
	Brand et al., 1986 

	Copper sulphate
	Rhizosolenia stolterfothii
	Not reported
	4-5 weeks
	reproduction
	EC10
	70.2
	nominal
	yes
	renewal
	25
	8.2
	37
	reconstituted natural water
	Brand et al., 1986 

	Copper sulphate
	Rhizosolenia setigera
	Not reported
	4-5 weeks
	reproduction
	EC10
	147.2
	nominal
	yes
	renewal
	25
	8.2
	37
	reconstituted natural water
	Brand et al., 1986 

	Copper sulphate
	Skeletonema costatum
	Not reported
	4-5 weeks
	reproduction
	EC10
	527.6
	nominal
	yes
	renewal
	25
	8.2
	37
	reconstituted natural water
	Brand et al., 1986 

	Copper sulphate
	Skeletonema costatum
	Not reported
	4-5 weeks
	reproduction
	EC10
	1,011
	nominal
	yes
	renewal
	25
	8.2
	33
	reconstituted natural water
	Brand et al., 1986 

	Copper sulphate
	Streptotheca tamesis
	Not reported
	4-5 weeks
	reproduction
	EC10
	123.5
	nominal
	yes
	renewal
	25
	8.2
	33
	reconstituted natural water
	Brand et al., 1986 

	Copper sulphate
	Streptotheca tamesis
	Not reported
	4-5 weeks
	reproduction
	EC10
	86.6
	nominal
	yes
	renewal
	25
	8.2
	37
	reconstituted natural water
	Brand et al., 1986 

	Copper sulphate
	Synechococcus sp.
	Not reported
	4-5 weeks
	reproduction
	EC10
	17.1
	nominal
	yes
	renewal
	25
	8.2
	33
	reconstituted natural water
	Brand et al., 1986 

	Copper sulphate
	Synechococcus sp. 
	Not reported
	4-5 weeks
	reproduction
	EC10
	27.8
	nominal
	yes
	renewal
	25
	8.2
	33
	reconstituted natural water
	Brand et al., 1986 

	Copper sulphate
	Synechococcus sp. 
	Not reported
	4-5 weeks
	reproduction
	EC10
	139.7
	nominal
	yes
	renewal
	25
	8.2
	33
	reconstituted natural water
	Brand et al., 1986 

	Copper sulphate
	Synechococcus sp. 
	Not reported
	4-5 weeks
	reproduction
	EC10
	3.9
	nominal
	yes
	renewal
	25
	8.2
	33
	reconstituted natural water
	Brand et al., 1986 

	Copper sulphate
	Synechococcus sp. 
	Not reported
	4-5 weeks
	reproduction
	EC10
	17.1
	nominal
	yes
	renewal
	25
	8.2
	33
	reconstituted natural water
	Brand et al., 1986 


Footnote: toxicity of copper to marine algae 

Anderson et al. 1990 

· Q1 Endpoint

· Species: Macrocystis pyrifera (giant kelp).

· Origin: populations collected from 4 different sites near the Californian coast.

· Experimental water: filtered sea water (0.2 µm) supplemented with nutrients.

· Background Cu concentrations in sea water are very low (<0.6 µg/l). 

· Salinity of the sea water used in the experiments varied between 35 and 37 g/l; pH between 7.8 and 8.3. 

· The experiments were conducted at temperature between 13 and 15°C in static renewal systems for 16-20 days.

· Germination data and sporophyte counts were the endpoints used.

· Statistics are reported: ANOVA followed by a student Newman-Keuls or Dunnett’s multiple comparison test. 

· Dose-response was observed for the different experiments.

· Cu concentrations were not measured in the interpopulation experiment; in other experiments they were measured using AAS.

· 4 to 5 different Cu concentrations (between 10 and 180 µg/l) and 1 control are used.

· Dilution factor of 0.5-0.6.

· Reliable NOEC data for Macrocystis pyrifera were 10.2 µg/l (sporophyte growth and germ-tube growth) and 50.1 µg/l (germination).

Brand et al. 1986 

· Excluded  Endpoint from SSD (NTA added)  but assessed separately from reported modelled free cupric ion concentrations
· Species: different algae belonging to the diatoms, coccolithophores, dinoflagellates and cyanobacteria.

· Experimental water: sea water from Sargasso Sea and from Vineyard Sound (Massachussetts),

· Background Cu concentrations in sea water (sterilized sea water enriched with minerals and vitamins) are not measured or reported. Low dissolved Cu concentration in Massachussetts Bay of 0.2 µg/l is reported (Shine and Wallace, 1995) and in Sargasso Sea between 0.06 and 0.13 µg/l is reported (Moffet, 1995). Much higher copper levels (up to 6 µg Cu/L) are however reported for the Vineyard sound (Moffet, 1995)
· Reported salinity of the Sargasso Sea water was 37 g/l, for the Vineyard Sound 33 g/l.

· The experiments were conducted at 25°C in continuous batch culture for 4 to 5 weeks.

· Exponentially growing batch culture were used as inoculum.

· Algal reproduction rates were determined from the rate of increase in vivo fluorescence.

· Statistics are reported for the determination of the exponential reproduction rate, not for the NOEC or EC10 estimation. Raw data are available and therefore EC10 calculations were performed by own regression analysis.

· Dose-response was observed for the different experiments.

· Cu concentrations are nominal

· 7 different Cu concentrations (between 0.64 and 2,560 µg/l) and 1 control are used.

· Dilution factor of 0.1 (pCu ratios).

Brooks, S. 2006d 

· Q1 Endpoints

· Species: Fucus vesiculosus.

· Experimental water: Natural sand-filtered seawater from the River Crouch + added DOC (as humic acids)
· Background Cu concentrations in sea water; 2.3 – 4.2 µg l-1 

· Reported salinity of 31 g/l.

· The experiments were conducted at 20°C.

· Germlings attached to submerged slides were used as the test organism.

· Growth was determined by micrometric techniques.

· Statistics are reported in detail

· Dose-response was observed for the different experiments.

· Cu concentrations were measured (Total dissolved and labile Cu concentrations determined)

· Nominal concentrations of 20, 40, 80, 160, 320 µg l-1 copper and control are used.

· Reliable NOEC data for Fucus vesiculosis  reported for different test media, characterised by different amounts of DOC 

Canterford 1978. 

· Excluded Endpoint (addition of EDTA)
· Species: Ditylum brightwelli
· Origin: Surface water of Western Point.

· Experimental water: Artificial sea water (SiO2 Stosch-modified Schreiber medium (included EDTA).

· Background Cu concentrations in sea water are not reported. 

· Salinity of the sea water used in the experiments is not reported.

· The focus of the experiment was Cu accumulation.  Cultures were maintained for 2 weeks at 14oC with a photoperiod of 14 hours.

· Algal yield was measured in g/l.

· Statistics are not reported. Copper concentrations up to 150 µg l-1 did not inhibit growth yield.

· Dose-response was not observed – copper concentrations less than 80 µg l-1 enhanced growth by a factor of 2-3 compared to the controls.

· Cu concentrations nominal.

· 4 to 5 different Cu concentrations (between 5 and 500 µg/l) and 1 control are used.

· Dilution factor of 0.5.

Chung & Brinkhuis 1986. 

· Q3 Endpoint (Nominal added concentrations, copper background unknown)
· Species: Laminaria saccharina (kelp).

· Origin: Long Island Sound at Crane Neck (New York).

· Experimental water: filtered sea water supplemented with nutrients.

· Background Cu concentrations in sea water are not reported. 

· Salinity of the sea water used in the experiments is not reported.

· The experiments were conducted at temperatures between 10-12°C in static renewal systems continuous batch culture for 9 days (for the growth of young plants) and for 21 days (for the gametophyte development).

· Algal reproduction rates were determined from the rate of increase in vivo fluorescence.

· Statistics are reported. All data were treated using statistical procedures described in Sokal & Rohlf (1981). For the endpoint gametophyte development however, only visual observation was reported. For the growth of 8-10 cm sporophyte an EC10 was calculated using own regression analysis.

· Dose-response was observed for the different experiments.

· Cu concentrations nominal.

· 4 to 5 different Cu concentrations (between 5 and 500 µg/l) and 1 control are used.

· Dilution factor of 0.5.

Cid 1995. 

· Q3 Endpoint (Nominal added concentrations, copper background unknown)
· Species: Phaeodactylum tricornutum.

· Origin: Ria de Arousa waters.

· Experimental water: filtered sea water, active carbon filtered, no additional nutrients.

· Background Cu concentrations in sea water are not reported. 

· Salinity of the sea water used in the experiment is 35 ppt.

· Inoculum density 24 x 104 cells ml-1
· The experiments were maintained at 18oC in a 12 hour light/dark regime.

· Algal growth measured by haemocytometer.

· Statistics are reported.

· Dose-response was observed for the different experiments.

· Cu concentrations nominal.

· 4 different Cu concentrations (0.05, 0.1, 0.5, 1 mg/l) and 1 control are used.

· Dilution factor of 0.5/0.2.

Kosakowska et al., 1988

· Excluded endpoint (Nominal added concentrations, copper background unknown, single concentration – No NOEC derived)
· Species: Chlorella vulgaris and Anabaena variabilis 
· Origin: Anabaena strains from the Moscow University and Chlorella isolated from the Baltic Sea.

· Experimental water: synthetic Bristol’s medium.

· Background Cu concentrations in control water is not reported. 

· Salinity of the sea water used in the experiments is not reported.

· The experiments were conducted at temperature of 28°C in static systems for 7 days.

· Chlorophyll a content was the endpoint used.

· Statistics are not reported.

· 1 Cu concentration (50 µg/l) and 1 control are used.

· Dose-response (only 1 concentration) could not be observed.

· Cu concentrations were not measured in the experiment.

· No dilution factor could be estimated (only 1 concentration).

· No reliable NOEC data for Chlorella vulgaris and Anabaena variabilis could be calculated. 47% inhibition is observed in the Chlorella test; 80% inhibition in the Anabaena test.

Lage 1996. 

· Excluded Endpoint (addition of EDTA)
· Species: Marine dinoflagellate Amphidinium carterae.

· Origin: Instituto Nacional de Saúde.

· Experimental water: Modified artificial seawater; ESAW excluding silicates including 25mM HEPES.  Cu speciation controlled by inclusion of EDTA, labile copper concentrations determined by PSA and computation.

· Background Cu concentrations in sea water are not reported. 

· Salinity of the ESAW used in the experiment is not reported.  

· Inoculum density 1.5 x 104 cells dm-3
· The experiments were maintained at 19oC in a 12 hour light/dark regime over 10 days.

· Algal growth measured by Coulter counter.

· Statistics are reported.

· Dose-response was observed.

· Labile Cu concentrations measured.

· 6 different Cu concentrations (0.898, 3.45, 7.87, 11.8, 13.4, 15.7 mM) and 1 control are used.

· Observed displacement of Fe, Zn, Mn from EDTA complexes.

Metaxas, A. and A. G. Lewis 1991

· Q2 endpoint (Nominal added concentrations, background estimated from artifical media)
· Species: Skeletonema costatum (centric diatom) and Nitzchia thermalis (pinnate diatom)

· Origin: North Eastern Pacific Culture Collection).

· Experimental water: artificial salt water medium (Aquil). Amended by adding Fe as Fe-precipitate, no EDTA.

· Background Cu concentrations <0.8 nM (50 ng/l) – quoted as the LoD for the AAS? This is considered as aTypo, because the application notes indicate an LoD of 500 ng/l.  This more realistic value of 0.5 µg Cu/L  is carried forward. 

· Exposure concentrations appear to be nominal 

· Salinity of the sea water used in the experiments is not reported.

· The experiments were conducted at temperature of 16°C in a culture chamber with 16h light cycle.

· Growth rate and lag phase were the endpoints used.

· Statistics are reported. 

· Dose-response was observed for the experiment.

· Cu concentrations were not measured in the experiment.

· 7 different Cu concentrations (between 0.08 and 0.5 uM, 5 and 32 µg l-1) and 1 control are used for S. costatum, 5 (0.1 – 0.6 µM) for N. thermalis.

· Significant growth improvements up to 0.4 µM S. costatum, NO(A)ECs of 0.4 µM S. costatum, 0.5 µM for N. thermalis.

Miao, A.-J., W.-X. Wang, et al. 2005

· Q2 endpoint (Nominal added concentrations, possible to estimate background)
· Species: Prorocentrum minimum, Dunaliella tertiolecta, Synechococcus sp., Thallasiosira weisflogii
· Origin: Provasoli-Guillard centre for the culture of marine phytoplankton, ME, USA

· Experimental water: Seawater collected 10 km off shore in Hong Kong.  DOM destroyed by UV irradiation.  Trace metals removed by ion exchange resin.  Nutrients then added; N, P, Si added at f/2 levels, trace metals at f/10 levels. 
· Background Cu concentrations not reported. Considering that metals have been removed by ion resin extraction,, a low background value (0.5 µg Cu/L) was used as a reliable estimator
· Exposure concentrations nominal 

· Salinity of the sea water used in the experiments is not reported.

· The experiments were conducted at temperature of 19°C in a culture chamber with 14h light cycle.

· Growth rate was the endpoint used.

· Statistics are reported. 

· Dose-response was observed for the experiment.

· Cu concentrations were not measured in the experiment.

·  different Cu concentrations (typical range 0.50, 6.35, 63.5, 318, 635, 3182) and 1 control are used for the different species.

Rao & Latheef, 1989

· Q3 Endpoint (Nominal added concentrations, copper background unknown, graphical estimation of the EC10)
· Species: Skeletonema costatum (diatom)

· Origin: Culture Collection Centre (Madras).

· Experimental water: artificial salt water medium (F/2 medium).

· Background Cu concentrations in control water is not reported. 

· Salinity of the sea water used in the experiments is 30 g/l.

· The experiments were conducted at temperature of 24°C in static systems for 12 days.

· Growth was the endpoint used.

· Statistics are not reported. However, an EC50 value was estimated for the growth of algae. 

· Dose-response was observed for the experiment.

· Cu concentrations were not measured in the experiment.

· 5 different Cu concentrations (between 500 and 20,000 µg/l) and 1 control are used.

· Dilution factor of 0.2.

· No reliable NOEC/EC10 data for Skeletonema costatum could be calculated. An EC10 value of 500µg/l was estimated graphically.

Saifullah, S.M. 1978

· Q3 Endpoint (Nominal added concentrations, copper background unknown)
· Species: Gymnodinium splendens, Prorocentrans micans, Scrippsiella faeroense (dinoflagellates)

· Origin: Not reported.

· Experimental water: Filtered (0.22 µm) from the Helgoland bight with added NaNO3, NaH2PO4.

· Background Cu concentrations in control water is not reported. 

· Salinity of the sea water used in the experiments is 32-33 g/l.

· The experiments were conducted at temperature of 18°C in static systems for 20 days on a 14 hour light cycle.

· Growth was the endpoint used.

· Statistics are not reported. Single replicates.

· Dose-response was observed for the experiment.

· Cu concentrations were not measured in the experiment.

· 4 different Cu concentrations (1, 5, 10, 20 µg l-1) and 1 control are used (single replicates).

· Dilution factor of 0.2/0.5.

· NOEC data not reported.  72 hour biomass NOECs estimated from graphical data.
Simpson, S, 2003

· Q1 Endpoint

· Species: marine algae Phaeodactylum tricornutum.

· Experimental water: natural 0.45µm filtered seawater, typical DOC = 1.0 mg l-1 with added nitrate and phosphate  

· Background Cu concentrations in sea water not reported 

· Salinity not reported.

· The experiments were conducted at 21°C on a 12 hour light cycle.

· nominal inoculum density of 2 to 4 × 104 particles ml-1.

· Growth was determined using a Coulter multisizer.
· Statistical methods are reported 

· Dose-response was observed.

· Cu concentrations were measured

· This study was run with a culture medium control together with nominal copper concentrations of 5, 10, 15, 20, 50 µg l-1.

· The NOEC data for Phaeodactylum tricornutum growth rate was <5 µg Cu/l.   From the batch and tank experiments EC15 values of respectively 5.1 and 2.3µg Cu/l  (= below the lowest tested concentration) were reported by the authors. The modelled growth rate EC1, reported by the authors, from the batch study (standard test-set-up) was 3.1 and 1.1 µg Cu/l for the tank study.   This value is  between the EC10 values, calculated  for the batch studies of 4.2 µg Cu/l  and the tank study 1.6 µg Cu/L (from T. Kalqvist (Appendix 1)).The average  of the EC10s (2.9 µg Cu/l) calculated by Kalqvist was retained for the Q1 database.  
Smyth, D, et al 2006a 

· Q1 Endpoint

· Species: marine algae Skeletonema costatum.

· Experimental water: ISO test media based on natural 0.1µm filtered seawater 

· Background Cu concentrations in sea water; <0.4 µg l-1 

· Reported salinity of 31 g/l.

· The experiments were conducted at 20°C.

· nominal inoculum density of 0.150 × 104 particles ml-1, (approximately 0.413 × 104 cells ml-1).

· Growth was determined using a Coulter counter model Z1, counting at a lower threshold equivalent spherical diameter of approximately 2.9 µm.

· Statistics are reported in detail

· Dose-response was observed.

· Cu concentrations were measured (Total and Total Dissolved Cu concentrations determined)

· This study was run with a culture medium control together with nominal copper concentrations of 1.0, 2.0, 4.0, 8.0, 16, 32, 64, 128 µg l-1.

· Reliable NOEC data for Skeletonema costatum was reported.

Smyth, D, et al 2006b 

· Q1 Endpoint

· Species: marine algae Phaeodactylum tricornutum.

· Experimental water: ISO test media based on natural 0.1µm filtered seawater 

· Background Cu concentrations in sea water; <0.4 µg l-1 

· Reported salinity of 31 g/l.

· The experiments were conducted at 20°C.

· nominal inoculum density of 0.150 × 104 cells ml-1.

· Growth was determined using a Coulter counter model Z1, counting at a lower threshold equivalent spherical diameter of approximately 2.9 µm.

· Statistics are reported in detail

· Dose-response was observed.

· Cu concentrations were measured (Total and Total Dissolved Cu concentrations determined)

· This study was run with a culture medium control together with nominal copper concentrations of 1.0, 2.0, 4.0, 8.0, 16, 32, 64, 128 µg l-1.

· Reliable NOEC data for Phaeodactylum tricornutum was reported.

Visviki I & Rachlin JW 1991

· Q3 Endpoint (Nominal added concentration, copper background unknown, exclusion of chelators in algal tests has shown to induce iron deficiency (Smyth, 2006))
· Species: Dunaliella minuta
· Origin: Dunstaffnage marine laboratory Scotland.

· Experimental water: Modified LDM medium, excluding chelators, based on Artificial Seawater.

· Background Cu concentrations in control water is not reported. 

· Salinity of the sea water used in the experiments is not reported.

· The experiments were conducted at temperature of 15°C in static systems for 96 hours on a 16 hour light cycle.

· Growth was the endpoint used.

· Statistics are not reported. Triplicate replicates.

· Growth data are not reported, although regression equations are presented.

· Cu concentrations were not measured in the experiment.

· 3 different Cu concentrations (311, 470, 566 µg l-1) and 1 control are used (three replicates).

· EC10 value estimated, no NOEC (growth reduction 36% at 311 µg l-1, 56% at 566 µg l-1 – very shallow curve) 
Visviki I & Rachlin JW 1994

· Q3 Endpoint (Nominal added concentration, copper background unknown, exclusion of chelators in algal tests has shown to induce iron deficiency) (Smyth, 2006))
· Species: Dunaliella salina and Chlamydomonas bullosa
· Origin: Chlamydomonas bullosa - Dunstaffnage marine laboratory Scotland, Dunaliella salina – Starr Culture Collection, University of Texas, Austin.

· Experimental water: AS100 (Starr 1987) medium based on Artificial Seawater, excluding chelators.

· Background Cu concentrations in control water is not reported. 

· Salinity of the sea water used in the experiments is not reported.

· The experiments were conducted at temperature of 15°C/25°C in static systems for 96 hours on a 16 hour light cycle.

· Growth was the endpoint used.

· Statistics are not reported. Triplicate replicates.

· Growth data are not reported, although regression equations are presented.

· Cu concentrations were not measured in the experiment.

· 2 Cu concentrations and 1 control are used (three replicates) in D. salina test.

· For D. salina, one of the tested concentrations was a NOEC.

· For C. bullosa, 3 Cu concentrations (2.8, 70, 141 µg l-1) and 1 control are used (three replicates

· For C. bullosa, EC10 values estimated (dilution factor 0.04)
Zhang et al. 1992

· Q3 Endpoint (Nominal concentrations, copper background could be estimated, but large dilution factor makes the endpoint unreliable)
· Species: Chaetoceros sp. 
· Origin of the algae is not reported.

· Experimental water: synthetic F/2 medium.

· Background Cu concentrations in control water is not reported. 

· Salinity of the sea water used in the experiments is not reported.

· The experiments were conducted at temperature of 25°C in static systems for 7.5 days.

· Growth rate content was the endpoint used.

· Statistics are not reported.

· 4 Cu concentration (between 2.5 and 3,175 µg/l) and 1 control are used.

· Dose-response could be observed.

· Cu concentrations were not measured in the experiment.

· Dilution factor between 0.01 (lowest concentration tested is 2.5 µg/l, the following is 191 µg/l !!) and 0.3.

· No reliable NOEC data for Chaetoceros sp. could be calculated (dilution factor is a factor of 75 between the NOEC and LOEC)

3.2.7.4.1.2 Toxicity to marine invertebrates

High quality (Q1) data on chronic single-species toxicity tests resulting in NOEC values for marine invertebrates are summarised in Table 3‑9. From the database 32 individual NOECs for 18 different individual species were selected. Chronic data on invertebrates belonging to different taxonomic groups: molluscs (47% of the data points), annelids (6% of the data), crustaceans (29% of the data), echinoderms (6% of the data) and Ctenophora (9% of the data) were observed in the database. The NOEC values range from 5.9 µg l-1 for Mytilus galloprovincialis (Rosen, 2005) to 145 µg l-1 for the crustacea Penaeus monodon (Ahsanullah, M. et al, 1995). 
Table 3‑10
 summarises the chronic toxicity data to marine invertebrates that were rejected  as Q1 NOECs and retained as Q2/Q3 NOECs and rejected.  The Q2 studies are studies with availability of  NOEC/EC10 from at least 2 test concentrations and a control but violation of one quality criterium and include under more high quality studies based on nominal concentrations, but with sufficient information to allow for an accurate estimation of the background levels of copper in the test system. Q3 studies have several quality criteria issues and include studies based on nominal concentrations but without having information on the background level in the test media.   The reasons for assigning Q2/Q3 studies are specified in the footnote text.

The Stromgren paper was originally assigned as Q3. Consideringt the TCNES discussions, the paper was reviewed by 2 independent scientists specialized in bivalve ecotoxicity tests (P. Matthiessen (UK) and S. Oggle (US).  Both reviewers came to the conclusion that this study has major problems and should not be used  for the marine  risk assessment.  

The reviewers noted the following key  issues : 
· “This short review assesses the reliability of a study by Strømgren and Nielsen (1991) on the effects of copper on spawning and larval growth in the bivalve mollusc (blue mussel) Mytilus edulis.  It concludes that the data presented in Strømgren and Nielsen (1991) exaggerate the sensitivity of M. edulis to copper, primarily due to the use of test organisms suffering from nutritional stress, but also due to other confounding factors. It is considered that these data should be excluded from any dataset used for marine risk assessments”

·  High control larval mortality in these experiments (mean = 27%), ranging from 16% to 38%. This provides strong supporting evidence for the contention that the larvae were stressed, and is unacceptable in a test of this type. 
· No true replicates were used

The  endpoints are therefore excluded from the derivation of HC5-50 values.
Table 3‑9: Overview of the high quality NOEC values for marine invertebrates (Q1 data)

	Substance
	Species 
	Taxonomic group
	Age and/or size of test organism
	Test duration
	Effect parameter
	Endpoint
	Value (µg/l)
	Analysis
	Administration of test substance
	Cu background   (µg l-1)
	DOC
	Temp. (°C)
	pH
	Salinity (g/l)
	Test water
	Reference

	Copper
	Penaeus mergulensis 
	Crustacea
	Juvenile
	14 days
	growth
	NOEC
	33
	measured
	Flowthrough
	<1m
	2.0e
	27 
	Not reported
	20
	natural seawater
	Ahsanullah, M. Et al 1995 

	Copper
	Penaeus monodon 
	Crustacea
	Juvenile
	14 days
	growth
	NOEC
	145
	measured
	Flowthrough
	<1m
	2.0e
	27 
	Not reported
	20
	natural seawater
	Ahsanullah, M. Et al 1995 

	Copper sulphate
	Tisbe furcata
	Crustacea
	Life cycle
	100 days max
	Survival and reproduction
	NOEC
	19.1
	measured
	Static renewal
	NR
	2.0e
	15
	8
	34
	Natural seawater
	Bechmann R.K., 1994

	Copper Chloride
	Artemia franciscana
	Crustacea
	Cysts
	48 hours
	Hatching success
	NOEC
	6.6
	measured
	Static
	0.2m
	0.48m
	25
	7.8 – 8.1
	Not reported
	Artificial seawater
	Brix, 2006

	Copper chloride
	Mytilus edulis
	Mollusca
	Embryo
	48 hours
	Development
	NOEC
	6.2
	measured
	Flowthrough
	1.8m
	1.51m
	13
	8.3
	32
	natural seawater
	Brooks, S. 2006 

	Copper chloride
	Crassostreas gigas
	Mollusca
	Embryo
	24 hour
	Development
	NOEC
	10.89
	measured
	Flowthrough
	2.8m
	2.19m
	21 ± 1
	8.0 - 8.2
	31.1 - 34.2
	natural seawater

+ 0.1 mg DOC/L, added as humic acids
	Brooks, S. 2006

	Copper chloride
	Crassostreas gigas
	Mollusca
	Embryo
	24 hour
	Development
	NOEC
	10.42
	measured
	Flowthrough
	2.5m
	3.36m
	21 ± 1
	8.0 - 8.2
	31.1 - 34.2
	natural seawater
+ 0.81 mg DOC/L, added as humic acids
	Brooks, S. 2006 

	Copper chloride
	Crassostreas gigas
	Mollusca
	Embryo
	24 hour
	Development
	NOEC
	12.83
	measured
	Flowthrough
	3.0m
	3.36m
	21 ± 1
	8.0 - 8.2
	31.1 - 34.2
	natural seawater+ 1.02 mg DOC/L, added as humic acids
	Brooks, S. 2006 

	Copper chloride
	Crassostreas gigas
	Mollusca
	Embryo
	24 hour
	Development
	NOEC
	19.53
	measured
	Flowthrough
	3.6m
	3.88m
	21 ± 1
	8.0 - 8.2
	31.1 - 34.2
	natural seawater
+ 1.85 mg DOC/L, added as humic acids
	Brooks, S. 2006 

	Copper chloride
	Crassostreas gigas
	Mollusca
	Embryo
	24 hour
	Development
	NOEC
	28.19
	measured
	Flowthrough
	1.1m
	4.66m
	21 ± 1
	8.0 - 8.2
	31.1 - 34.2
	natural seawater
+ 2.77 mg DOC/L, added as humic acids
	Brooks, S. 2006 

	Copper chloride
	Crassostreas gigas
	Mollusca
	Embryo
	24 hour
	Development
	NOEC
	47.13
	measured
	Flowthrough
	3.2m
	5.19m
	21 ± 1
	8.0 - 8.2
	31.1 - 34.2
	natural seawater

+ 3.13 mg DOC/L, added as humic acids
	Brooks, S. 2006 

	Copper sulphate
	Placopecten magellanicus
	Mollusca
	Adult
	8 weeks
	gonad development
	NOEC
	10.0
	measured
	Flowthrough
	2.5-3.4m
	2.0e
	6.6
	Not reported
	25
	Natural seawater
	Gould, 1988

	Copper chloride
	Eurytemora affinis
	Crustacea
	<24 hrs
	8 days
	Mortality, fecundity and maturation
	NOEC
	51.1
	measured
	Semi-static
	<3m
	2.0e
	25±2
	7.9 - 8.8
	14 - 17
	natural estuarine water
	Hall, L., 1997 

	Copper chloride
	Paracentrotus lividus
	Echinodermata
	Embryo
	48 hours
	Development
	NOEC
	8.8
	measured
	Static
	<0.4m
	1.83m
	18
	8.2 – 8.3
	34.4
	natural seawater
	Hurd, K. 2006a 

	Copper nitrate
	Mercenaria mercenaria
	Mollusca
	Larvae
	96 hours
	Development
	NOEC
	7.0
	measured
	Static
	1m
	0.5e
	24
	8.0 – 8.5
	26.5
	Artificial seawater
	LaBreche, 2002

	Copper chloride
	Paracentrotus lividus
	Echinodermata
	Embryo
	48 hours
	Development
	NOEC
	16.5
	measured
	Static
	0.32 – 1.45m
	2.0e
	20
	8.1
	35
	natural seawater
	Lorenzo, J. 2006 

	Copper chloride
	Neanthes arenaceodentata
	Polychaete
	3-4 week larva
	28 days
	growth
	NOEC
	13.5
	measured
	Flow through
	2±1m
	2.0m
	not reported
	not reported
	32
	filtered natural seawater
	Pesch et al., 1986 

	Copper chloride
	Neanthes arenaceodentata
	Polychaete
	3-4 week larva
	28 days
	growth
	NOEC
	12.1
	measured
	Flow through
	2±1m
	2.0m
	not reported
	not reported
	32
	filtered natural seawater
	Pesch et al., 1986 

	Copper Chloride
	Mytilus edulis
	Mollusca
	1.0-1.5 cm individuals
	10 days
	growth rate
	NOEC
	6.0
	measured
	daily renewal of solutions
	2.0 – 2.4m
	2.0m
	not reported
	not reported
	not reported
	Filtered seawater
	Redpath, K.J. 1985 

	Copper chloride
	Goniastrea aspera


	Cnidaria
	Larvae
	72 hours
	Motility
	NOEC
	14.2
	measured
	Static
	1.2m
	2.0e
	not reported
	not reported
	not reported
	Natural seawater
	Reichelt-Brushett, 2004

	Copper chloride
	Acropora tenuis
	Cnidaria
	Larvae
	48 hours
	Settlement success
	NOEC
	17.3
	measured
	Static
	0.63m
	2.0e
	not reported
	not reported
	not reported
	Natural seawater
	Reichelt-Brushett, 2000

	Copper chloride
	Lobophytum compactum
	Cnidaria
	Eggs/sperm
	5 hours
	Fertilisation success
	NOEC
	36.0
	measured
	Static
	NR
	2.0e
	not reported
	not reported
	not reported
	Natural seawater
	Reichelt-Brushett, 2005

	Copper chloride
	Protothaca staminea
	Mollusca
	5.2 to 5.8 cm total length
	30 days
	Mortality
	NOEC
	18
	measured
	Flowthrough
	0.35m
	2.0e
	12.3
	8.1
	32
	natural seawater
	Roesijida, G. 1980 

	Copper sulphate
	Mytilus galloprovincialis
	Mollusca
	Embryo
	48 hours
	Development
	NOEC
	5.9
	measured
	Static
	0.6m
	0.9m
	15
	Not reported 
	Not reported
	Filtered seawater
	Rosen, 2005

	Copper sulphate
	Mytilus galloprovincialis
	Mollusca
	Embryo
	48 hours
	Development
	NOEC
	7.5
	measured
	Static
	1.5m
	0.9m
	15
	Not reported
	Not reported
	Filtered seawater
	Rosen, 2005

	Copper sulphate
	Mytilus galloprovincialis
	Mollusca
	Embryo
	48 hours
	Development
	NOEC
	9.2
	measured
	Static
	0.7m
	1.5m
	15
	Not reported
	Not reported
	Filtered seawater
	Rosen, 2005

	Copper sulphate
	Mytilus galloprovincialis
	Mollusca
	Embryo
	48 hours
	Development
	NOEC
	9.7
	measured
	Static
	1.0m
	0.9m
	15
	Not reported
	Not reported
	Filtered seawater
	Rosen, 2005

	Copper chloride
	Tisbe battagliai
	Crustacea
	<24 hrs
	21 days
	Survival
	NOEC
	18
	measured
	Semi-Static
	2.0m
	2.79m
	20 ± 1
	8.1-8.4
	35
	natural seawater
	Williams, T.  2006

	Copper chloride
	Tisbe battagliai
	Crustacea
	<24 hrs
	21 days
	Development
	NOEC
	18
	measured
	Semi-Static
	2.0m
	2.79m
	20 ± 1
	8.1-8.4
	35
	natural seawater
	Williams, T.  2006

	Copper chloride
	Tisbe battagliai
	Crustacea
	<24 hrs
	21 days
	Reproduction
	NOEC
	18
	measured
	Semi-Static
	2.0m
	2.79m
	20 ± 1
	8.1-8.4
	35
	natural seawater
	Williams, T.  2006

	Copper sulphate
	Pandalus danae
	Crustacea
	Larvae
	>42 days
	Mortality
	NOEC
	9.9
	measured
	Flow through
	0.47m
	2.0e
	8.7-10.3
	7.9-9.7
	29.8-30.6
	natural seawater
	Young et al., 1979 

	Copper sulphate
	Pandalus danae
	Crustacea
	Larvae
	>42 days
	Development
	NOEC
	9.9
	measured
	Flow through
	0.47m
	2.0e
	8.7-10.3
	7.9-9.7
	29.8-30.6
	natural seawater
	Young et al., 1979 


E = Value was estimated 

M = Value was measured and reported

NR = Background concentration not reported, but since results are based on measured concentrations, this does not affect the validity of the final result

Table 3‑10: Overview of the Q2/Q3 and excluded NOEC values for marine invertebrates 

	Substance
	Species 
	Taxonomic group
	Age and/or size of test organism
	Test duration
	Effect parameter
	Endpoint
	Value (µg/l)
	Analysis 
	Administration of test substance
	Cu background (µg/l)
	DOC
	Temp. (°C)
	pH
	Salinity (g/l)
	Test water
	Reference

	Q2 Data

	Copper chloride
	Ciona intestinalis
	Chordata
	Fertilised embryos
	20 hours
	Embryonic development
	NOEC
	16
	Nominal
	Static
	0.5e
	0.3e
	18–23
	7.4–8.8
	34
	Artifical seawater
	Bellas et al 2004

	Copper chloride
	Ciona intestinalis
	Chordata
	Fertilised embryos
	20 hours
	Larval attachment
	NOEC
	32
	Nominal
	Static
	0.5e
	0.3e
	18–23
	7.4–8.8
	34
	Artifical seawater
	Bellas et al 2004

	Copper chloride
	Mytilus edulis
	Mollusca
	2 months, 4.5 mm
	21 months
	Growth
	NOEC
	7.9
	Measured
	Flowthrough
	3.0m
	2.0e
	2.6 to 24
	Not reported
	25
	Natural seawater
	Calabrese, A., et al 1984

	Copper Chloride
	Crassostrea virginica
	Mollusca
	Larvae
	14 days
	mortality
	LC10
	12.6
	nominal
	renewal every 24 hours
	13.4m
	2.0e
	25
	not reported
	24
	filtered natural seawater
	Calabrese, A. et al. 1977 

	Copper Chloride
	Mercenaria mercenaria
	Mollusca
	Larvae
	8-10 days
	mortality
	LC10
	6.2
	nominal
	renewal every 24 hours
	13.4m
	2.0e
	24
	not reported
	24
	filtered natural seawater
	Calabrese, A. et al. 1977 

	Copper Chloride
	Crassostrea virginica
	Mollusca
	Larvae
	14 days
	growth
	EC10
	14.8
	nominal
	renewal every 24 hours
	13.4m
	2.0e
	24
	not reported
	24
	filtered natural seawater
	Calabrese, A. et al. 1977 

	Copper Chloride
	Mercenaria mercenaria
	Mollusca
	Larvae
	8-10 days
	growth
	EC10
	5.5
	nominal
	renewal every 24 hours
	13.4m
	2.0e
	24
	not reported
	24
	filtered natural seawater
	Calabrese, A. et al. 1977 

	Copper sulphate
	Aiptasia sp
	Coelenterata
	Polyps
	8 weeks
	population growth
	NOEC
	70
	measured
	Static replenishment
	1.1e
	2.0e
	24
	8.3
	34
	Natural seawater
	Kaiser et al 2003

	Copper Chloride
	Mysidopsis bahia
	Crustacea
	Larvae
	35 days
	mortality
	NOEC
	(77)
	measured
	Flow through
	2.9m
	2.0e
	20-25
	Not reported
	30
	natural sea water
	Lussier et al., 1985 

	Copper Chloride
	Mysidopsis bahia
	Crustacea
	Larvae
	35 days
	reproduction
	NOEC
	38
	measured
	Flow through
	2.9m
	2.0e
	20-25
	Not reported
	30
	natural sea water
	Lussier et al., 1985 

	Copper chloride
	Cancer anthonyi
	Crustacea
	embryo
	7 days
	mortality
	NOEC
	10
	nominal
	renewal every working day
	1.7m
	2.0e
	not reported
	7.8
	34
	filtered natural seawater
	MacDonald et al., 1988 

	Copper chloride
	Cancer anthonyi
	Crustacea
	embryo
	11 days
	mortality
	NOEC
	10
	nominal
	renewal every working day
	1.7m
	2.0e
	not reported
	7.8
	34
	filtered natural seawater
	MacDonald et al., 1988 

	Not reported
	Echinogammarus perlotti
	Crustacea (Amphipoda)
	Juvenile
	21 days
	Mortality
	NOEC
	100
	Nominal
	renewal twice weekly
	6.0m
	0.3e
	10
	Not reported
	33
	Artifical seawater
	Rainbow et al 1989

	Not reported
	Elminius modestus


	Crustacea (Thoracica)
	Juvenile
	28 days
	Mortality
	NOEC
	6
	Nominal
	renewal twice weekly
	6.0m
	0.3e
	10
	Not reported
	33
	Artifical seawater
	Rainbow et al 1989

	Not reported
	Palaemon elegans
	Crustacea (Decapoda)
	Juvenile
	21 days
	Mortality
	NOEC
	316
	Nominal
	renewal twice weekly
	6.0m
	0.3e
	10
	Not reported
	33
	Artifical seawater
	Rainbow et al 1989

	Not reported
	Carcinus maenass
	Crustacea
	Juvenile
	21 days
	Mortality
	NOEC
	1000
	Nominal
	renewal twice weekly
	6.0m
	0.3e
	10
	Not reported
	33
	Artifical seawater
	Rainbow et al 1985

	Not reported
	Elminius modestus
	Crustacea
	Juvenile
	21 days
	Mortality
	NOEC
	316
	Nominal
	renewal days 3, 7, 11, 16
	6.0m
	0.3e
	10
	Not reported
	33
	Artifical seawater
	Rainbow et al 1985

	Not reported
	Palaemon elegans
	Crustacea
	35-50 mm
	21 days
	Survival
	NOEC
	316
	Nominal
	Static renewal
	6.0m
	0.3e
	Not reported
	Not reported
	Not reported
	Artifical seawater (Tropic Marin Neu)
	White, & Rainbow, 1982

	Copper chloride
	Eudistylia vancouveri
	Annelid
	Larvae
	35 days
	Growth
	NOEC
	6.1
	Nominal
	Flowthrough
	0.3m
	2.0e
	8.2
	7.8
	30.4
	Natural seawater
	Young, et al, 1979

	Copper chloride
	Argopecten irradians
	Mollusca
	Adult
	56 days
	Spawning
	NOEC
	>10.2
	Measured
	Flowthrough
	1.8m
	2.0e
	14 (8-18)
	Not reported
	29-32
	Natural seawater
	Zaroogian, & Johnston, 1983

	Q3 Data

	Copper sulphate
	Callianassa australiensis
	Crustacea
	Adults
	14 days
	Mortality
	EC50
	180
	measured
	Daily renewal
	1.1e
	2.0e
	19
	8.1
	34-38
	natural sea water
	Ahsanullah, M., 1981

	Copper sulphate
	Allorchestes compressa
	Amphipod
	1 day old juveniles
	4 weeks
	Growth, biomass
	LOEC
	9.5
	measured
	Flowthrough
	0.3m
	2.0e
	19
	8
	31
	natural sea water
	Ahsanullah, M. & Williams, A.R., 1991

	Copper chloride
	Mylilus edulis
	Mollusca
	larvae
	15 days
	shell growth
	EC10
	13.9
	nominal
	renewal every second or third day
	1.1e
	2.0e
	15
	not reported
	32
	filtered natural seawater
	Beaumont et al., 1987 

	Copper chloride
	Mylilus edulis
	Mollusca
	larvae
	15 days
	mortality
	LC10
	91.5
	nominal
	renewal every second or third day
	1.1e
	2.0e
	15
	not reported
	32
	filtered natural seawater
	Beaumont et al., 1987 

	Copper Chloride
	Busycon canaliculatum
	Mollusca
	Not reported
	54 days
	mortality
	NOEC
	100
	nominal
	renewal
	3m
	2.0e
	13-22
	Not reported
	Not reported
	natural sea water
	Betzer & Yevich, 1975 

	Copper sulphate
	Nereis diversicolor
	Polychaete
	Adult
	34.5 days
	Survival
	NOEC
	100
	Nominal
	daily renewal
	0.55e
	1.0e
	13
	Not reported
	20
	Diluted natural seawater
	Bryan, G.W. & Hummerstone, L.G., 1971

	Copper sulphate
	Nereis diversicolor
	Polychaete
	Adult
	37 days
	Survival
	NOEC
	150
	nominal
	daily renewal
	0.55e
	1.0e
	13
	Not reported
	20
	Diluted natural seawater
	Bryan, G.W. & Hummerstone, L.G., 1971

	Not reported
	llyanassa obsoleta Say
	Mollusca
	Larvae
	Until ph I polar lobe constriction
	Abnormal development
	NOEC
	6.3
	nominal
	static
	1.1e
	2.0e
	21
	8
	Not reported
	Filtered natural seawater
	Conrad, G. W., 1988

	Copper chloride
	Mytilus edulis
	Mollusca
	Larvae
	Various life-stage exposure
	veliger larvae survival and development
	NOEC
	10.3
	measured
	Static renewal
	3m
	2.0e
	Not reported
	Not reported
	Not reported
	Filtered natural seawater
	Hoare, K., et al 1995

	Copper sulphate
	Eirene Viridula (Hydroid)
	Coelenterata
	Not reported
	months
	Morphological changes
	NOEC
	30
	nominal
	static
	1.1e
	2.0e
	20 - 30
	7.9 - 8.2
	30
	Filtered natural seawater
	Karbe, L., 1972

	Copper sulphate
	Gammarus duebeni
	Crustacea
	15-21 mm
	7 days
	Swimming activity
	NOEC
	30
	nominal
	Static renewal
	0.55e
	1.0e
	11
	Not reported
	15.5
	Diluted sea water
	Lawrence & Poulter, 1998  

	Copper sulphate
	Carcinus maenas
	Crustacea
	intermoult
	28 days
	mortality
	LC10
	273.7
	nominal
	Static renewal
	1.1e
	2.0e
	15
	Not reported
	35
	filtered natural seawater
	Lunndebye & Depledge, 1998 

	Copper sulphate
	Phyllodoce maculata
	Annelida
	Adult
	21 days
	Survival
	NOEC
	70
	nominal
	Static renewal
	1.1e
	2.0e
	10
	Not reported
	35
	Natural seawater
	McLusky, D.S. & Phillips, C. N. K., 1975

	Copper sulphate
	Cirriformia spirabrancha
	Annelida
	Adult
	34 days
	Mortality and growth
	NOEC
	20
	nominal
	Static renewal
	1.1e
	2.0e
	10
	Not reported
	29
	Natural seawater
	Millanovich et al 1976

	Copper chloride
	Saccostrea commercialis 
	Mollusca
	eyed larva
	5 days
	settlement rate
	EC10
	8.8
	nominal
	renewal every working day
	1.1e
	2.0e
	28
	7
	30
	filtered natural seawater
	Nell & Holliday, 1986 

	Copper chloride
	Mytilus edulis
	Mollusca
	adult
	126 days
	mortality
	NOEC
	10
	nominal
	Flow through
	2-4 m 
	2.0e
	3.5-13.8
	not reported
	27
	filtered natural seawater
	Nelson et al., 1988 

	Copper chloride
	Spisula solidissima
	Mollusca
	young


	126 days
	mortality
	NOEC
	2
	nominal
	Flow through
	2-4m
	2.0e
	3.5-13.8
	not reported
	26
	filtered natural seawater
	Nelson et al., 1988 

	Copper sulphate
	Artemia salina Linn
	Crustacea
	Eggs
	-
	Hatching
	NOEC
	5000
	Nominal
	Not reported
	0.5e
	0.3e
	Not reported
	Not reported
	30
	Artifical Seawater
	Rao V.N.R., Latheef, G.M., 1989

	Copper sulphate
	Artemia salina Linn
	Crustacea
	Juveniles
	15 days
	Growth
	EC10
	100
	Nominal
	Not reported
	0.5e
	0.3e
	Not reported
	Not reported
	30
	Artifical Seawater
	Rao V.N.R., Latheef, G.M., 1989

	Copper Chloride
	Palaemonetes pugio
	Crustacea
	Embryos (3  - 15 day old)
	12 days
	embryo length
	NOEC
	100
	nominal
	static
	1.1e
	2.0e
	27
	7.0-7.8
	
	filtered natural seawater
	Rayburn & Fisher 1999.  

	Copper sulphate
	Neanthes arenaceodentata
	Polychaete
	Adults
	28 day
	Survival
	LC50
	140
	Not reported
	Not Reported
	1.1e
	2.0e
	not reported
	not reported
	not reported
	natural seawater
	Reish & Carr,   1976 

	Copper sulphate
	Capitella

capitat
	Polychaete
	Adults
	28 day
	Suirvival
	LC50
	200
	Not reported
	Not Reported
	1.1e
	2.0e
	not reported
	not reported
	not reported
	natural seawater
	Reish & Carr,  1976 

	Copper sulphate
	Ctenodrilus serratus
	Polychaete
	Adults
	21 days
	reproduction
	NOEC
	500
	Not reported
	Not Reported
	1.1e
	2.0e
	not reported
	not reported
	not reported
	natural seawater
	Reish & Carr,   1978 

	Copper sulphate
	Ophryotrocha diadema
	Polychaete
	Adults
	28 days
	reproduction
	NOEC
	1,000
	Not reported
	Not Reported
	1.1e
	2.0e
	not reported
	not reported
	not reported
	natural seawater
	Reish & Carr,  1978 

	Copper chloride
	Echinometra mathaei
	Echinodermata
	Sperm
	60 min
	Fertilisation
	NOEC
	5
	Nominal
	Static
	1.1e
	2.0e
	Not reported
	Not reported
	34
	Filtered natural seawater
	Ringwood AH, 1992

	Copper chloride
	Isognomon californicum
	Mollusca
	Larvae
	48 hours
	Development
	NOEC
	5
	Nominal
	Static
	1.1e
	2.0e
	Not reported
	Not reported
	34
	Filtered natural seawater
	Ringwood AH, 1992

	Not reported
	Crassostrea virginica
	Mollusca
	Adult
	20 weeks
	Accumulation
	NOEC
	25
	Nominal
	Flowthrough
	1.1e
	2.0e
	20
	8
	31
	Natural seawater
	Shuster, C. N. & B.H. Pringle, 1969

	Not reported
	Crassostrea virginica
	Mollusca
	Adult
	20 weeks
	Mortality, Growth
	NOEC
	50
	Nominal
	Flowthrough
	1.1e
	2.0e
	20
	8
	31
	Natural seawater
	Shuster, C. N. & B.H. Pringle, 1969

	Copper Chloride
	Hydra littoralis
	Coelentherata
	Not reported
	11 days
	reproduction
	NOEC
	2.5
	nominal
	Static renewal
	0.5e
	0.3e
	not reported
	not reported
	not reported
	Artifical Seawater
	Stebbing & Pomroy, 1978 

	Copper (salt not reported)
	Campanularia flexuosa
	Coelentherata
	Not reported
	14 days
	growth 
	LOEC
	10
	nominal
	renewal
	0.5m
	2.0e
	25
	not reported
	25°C
	filtered natural seawater
	Stebbing, 1976. 

	Excluded endpoint

	Copper sulphate
	Mylilus edulis
	Mollusca
	adult
	30 days
	spawing frequency
	NOEC
	1.3
	nominal
	Flow through
	1.1e
	2.0e
	7-10
	not reported
	32
	natural seawater
	Stromgren and Nielsen, 1991 


E = Value was estimated 

M = Value was measured and reported

NOEC values in parentheses are not included in the derivation of a species mean NOEC, because they are not the most sensitive biological endpoint for the species

Footnote: toxicity of copper to marine invertebrates

Ahsanullah, M et al, 1981. 

· Q3 Endpoint (Measured concentrations, but no data reported except LC50 data)
· Species: Calianassa australiensis (Sediment dwelling Crustacea).

· Test animals were wild caught from the North Arm of Western Port, Australia.

· Experimental water: Seawater at 34 - 38ppt salinity, pH 7.9 to 8.2. 

· Background Cu concentrations in sea water are not reported. 

· The experiments were conducted with active adult males between 1 – 1.5 g.

· Mortality after 14 days was the endpoint used.

· Statistical analyses are described.

· Dose-response was observed for the experiment.

· Cu concentrations were measured but not reported
· 5 different Cu concentrations and 1 control are used. 

· Control mortality is reported <10%.
· No NOEC data were reported. At 60 µg l-1, all organisms survived, but appeared to be swimming weakly)
Ahsanullah, M et al, 1991. 

· Q3 Endpoint (Measured concentrations, very poor reproducibility)
· Species: Allorchestes compressa (Marine amphipod).

· Stocks of test animals and seagrass were obtained from the Marine Science Laboratory, Victoria, Australia.

· Experimental water: Seawater at 31 ppt salinity, pH 8.0. 

· Background Cu concentrations in sea water are 0.3 µg l-1
· Test design was a flow through system into duplicate perspex tanks containing approximately 50 seagrass and 50 one-day-old juveniles.  Two test were run, one with measured concentrations, the second based on nominal concentrations. 

· Growth (biomass) after 4 weeks was the endpoint used.

· Statistical analyses are described.

· Dose-response curves are unclear.

· Cu concentrations were reported in the second Cu experiment

· 3 different Cu concentrations and 1 control are used. 

· Control mortality is reported <10%.

· No NOEC data were reported.  The two tests were not comparable.  In the measured test, the lowest concentration replicates (10 µg l-1) gave different responses – one replicate gave a similar response to one of the control vessel duplicates, the other gave a response similar to the next concentration tested (21 µg l-1).  No reliable endpoint could be derived.
Ahsanullah, M et al, 1995. 

· Q1 Endpoint

· Species: Penaeus merguiensis and Penaeus monodon (Crustacea).

· Origin of the test animals is Gold Coast Marine Hatchery, Beenleigh, Queensland, Australia.

· Experimental water: Seawater at 20ppt salinity, obtained by mixing 32ppt seawater from Cronulla (NSW, Australia), with fresh water from the Woronora Reservoir (NSW, Australia). 

· Background Cu concentrations in sea water is <1 µg l-1. 

· Salinity of the sea water used in the experiments is 20ppt, pH is not reported. 

· The experiments were conducted with Juveniles, approximately 4-wk old for 14 days.

· Growth and mortality were the endpoints used.

· Statistical analyses are described.

· Dose-response was observed for the experiments.

· Cu concentrations were measured 

· 4 different Cu concentrations (33, 62, 106, 145 µg/l) and 1 control are used. 

· Control mortality is reported.

· Reliable NOEC data for Penaeus merguiensis and Penaeus monodon was 33 and 145 µg/l.

Beaumont et al., 1997.

· Q3 Endpoint (Nominal added concentration, copper background unknown)
· Species:Mytilus edulis (blue mussel) and Pecten maximus (scallop).

· Origin of the test animals: Mussel from the Menai Strait (Wales) and scallop from Point Lynas (Wales).

· Experimental water: filtered (0.2 µm) sea water. 

· Background Cu concentration in sea water is not reported. 

· Salinity of the sea water used in the experiments was 32 g/l. 

· The experiments were conducted with larvae at temperature of 15°C in a static renewal system for 15 days.

· Growth and mortality were the endpoints used.

· Statistics are not reported: raw data with own regression analysis allow the calculation of the L(E)C10 values.

· Dose-response was observed for the experiments.

· Cu concentrations were not measured (nominal).

· 4 different Cu concentrations (between 200 and 40 µg/l) and 1 control are used.

· Low control mortality were observed during the experiments with the mussel (10%); 50% mortality was observed in the control series of the larvae for the scallop (the EC10/LC10 for these experiments were therefore rejected).

· Dilution factor between 0.2 and 0.4.

Bechmann R.K., 1994

· Q1 Endpoint

· Species: Tisbe furcata (neo-benthic copepod).

· Origin of the test animals: Culture 1: collected from the recirculating saltwater system at the University of Oslo, Culture 2: animals from the littoral zone at Sobergstrand, Oslofjord.

· Experimental water: Seawater collected at a depth of 40m from Drøback, Oslofjord. 

· Background Cu concentrations in control water is not reported

· Salinity and pH of the sea water used in the experiments are 34 ± 2‰ and 8.0 ± 0.2. 

· The experiments were conducted in static renewal systems with organisms at temperature of between 15 ± 1°C during the 12h light period and 11 ± 1°C at night for 100 days.

· A life-cycle assessment was the basis of deriving NOEC levels
· Statistics are not reported.

· Dose-response was observed for the experiment.

· Cu concentrations were measured in the higher concentrations.

· Different Cu concentrations (between 1.9 and 57.2 µg/l) and 1 control are used. 

· Life table 1: 0, 0.03, 0.3, 0.9 µM (0, 1.9, 19.1, 57.2 µg/L)

· Life table 2: 0, 0.2, 0.5, 0.9 µM (0, 12.7, 31.8, 57.2 µg/L)
· All the copper concentrations tested in the life-table experiments were sublethal in acute tests.  Animals in the control and in the nominal copper concentration 0.3 µM in life table 1 died shortly after they were moved to the large test chambers (day 10).  This happened because the plankton net on these two test chambers detached during acid washing and the chambers were not rinsed as long as the others after application of new glue.  A pilot study with animals in chambers rinsed for 1 and 24 h showed that the glue could be toxic if the test chambers were not rinsed properly.  This accident did not affect the results of the two remaining concentrations in life table 1.

Bellas et al 2004
· Q2 Endpoint (nominal added concentration, possible to estimate background )
· Species: Ciona intestinalis (Chordata, Ascidiacea).

· Origin of the test animals: Adults of C. intestinalis (Linnaeus, 1767) were collected from a natural population in the Ria de Vigo, NW of Spain.

· Experimental water: artificial seawater : background estimated at 0.5 µg l-1 Cu.
· Background Cu concentrations in control water is not reported

· Salinity and pH of the sea water used in the experiments are 33 ± 0.3‰ and 8.1 ± 0.1. 

· The experiments were conducted in static systems with organisms at temperature of 20°C.
· An assessment of larval hatching and larval attachment was undertaken
· Statistics are reported.

· Dose-response was observed for the experiment.

· Cu concentrations were not measured.

· 5 replicates of different Cu concentrations (between 0, 8, 16, 32, 64, 128 µg/l) and 1 control are used. 
Betzer & Yevich, 1975.

· Q3 Endpoint (nominal added concentrations, background data provided.  The focus of the work was bioaccumulation, therefore no survival data are presented, but mentioned in text. Since no data are provided for review, this is considered a Q3 endpoint)
· Species: Busycon canaliculatum (channeled whelk).

· Origin of the test animals: Wickford-Fox Island region of Narragansett Bay.

· Experimental water: natural bay water. 

· Background Cu concentrations in control water is 3 µg/l (personal communication)

· Salinity and pH of the sea water used in the experiments are not reported. 

· The experiments were conducted in static renewal systems with organisms (age of organisms is not reported) at temperature of between 13-15°C and 20-22 °C for 54 days.

· Mortality (as average time of survival) was the endpoint used.

· Statistics are not reported. Average time of survival was >54 days in the control and the 100 µg/l exposure, 16 days for the 500 µg/l exposure concentration and 9 days for the 1,000 µg/l exposure concentration.

· Dose-response was observed for the experiment.

· Cu concentrations were not measured (nominal).

· 3 different Cu concentrations (between 100 and 1,000 µg/l) and 1 control are used. 

· No control mortality (in the 1970 experiment) is observed.

· Dilution factor is 0.2-0.5.

Brix, 2006

· Q1 Endpoint

· Species: Artemia franciscana (Brine shrimp).

· Origin of the test animals: Brine shrimp cysts were purchased from Argent Chemical Laboratories (Redmond, WA), which certified them to be A. franciscana collected from GSL.

· Experimental water: Three water types were tested – the value retained is from an Artificial Sea Water
· Background Cu concentration in ASW is 0.2 µg l-1. 

· Salinity of the sea water used in the experiments is not reported, pH is 8.1. 

· The experiments were conducted with dormant cysts.

· Nature of Adverse Effects: Non-hatching of cysts.

· Statistical analyses are described.

· Dose-response was observed for the experiment.

· Cu concentrations were measured 

· 5 different Cu concentrations (6.6, 14.6, 32.6, 69.5, 132.8 µg/l) and 1 control were used. 

· Control data is reported.

· Reliable NOEC data for Artemia franciscana was 6.6 µg/l.

Brooks, S, 2006c. 

· Q1 Endpoint

· Species: Crassostrea gigas (Pacific oyster).

· Origin of the test animals: Guernsey Sea Farms Ltd..

· Experimental water: Natural sand-filtered seawater from the River Crouch was used, with added DOC (added as humic acids). 

· Background Cu concentration in sea water is 1 to 3 µg l-1. 

· Salinity of the sea water used in the experiments is 31.1 – 34.2 ppt, pH is 8.0 to 8.2. 

· The experiments were conducted with newly fertilised eggs.

· Normal/abnormal larval development was the endpoint used.

· Statistical analyses are described.

· Dose-response was observed for the experiments.

· Cu concentrations were measured 

· 5 different Cu concentrations (10, 20, 40, 80, 160 µg/l) and 2 controls (one with and one without additional OC) are used. 

· Control data is reported.

· Reliable NOEC data for Crassostrea gigas was 10.89, 10.42, 12.83, 19.53, 28.19, 47.13µg/l, depending on the amount of DOC in the test water.

Brooks, S, 2006b. 

· Q1 Endpoint

· Species: Mytilus edulis (Blue mussel).

· Origin of the test animals: Fencebay Fishery in Ayrshire, Scotland..

· Experimental water: Natural sand-filtered seawater from the River Crouch was used. 

· Background Cu concentration in sea water is 1.8 µg l-1. 

· Salinity of the sea water used in the experiments is 32.0 – 32.6 ppt, pH 7.8 – 8.3. 

· The experiments were conducted with newly fertilised eggs.

· Normal/abnormal larval development was the endpoint used.

· Statistical analyses are described.

· Dose-response was observed for the experiments.

· Cu concentrations were measured 

· 5 different Cu concentrations (10, 20, 40, 80, 160 µg/l) and 2 controls (one with and one without additional OC) are used. 

· Control data is reported.

· Reliable NOEC data for Mytilus edulis was 6.2 µg l-1.

Bryan and Hummerstone, 1972

· Q3 Endpoint (nominal added concentrations, copper background unknown)
· Species: Nereis diversicolor (Sediment dwelling annelid).

· Test animals were wild caught from the two creeks in Devon/Cornwall, UK.

· Experimental water: 50% Seawater. 

· Background Cu concentrations in sea water are not reported. 

· Mortality and growth after 37 days was the endpoint used.

· Statistical analyses are not described.

· Dose-response was observed for the experiment.

· Cu concentrations were nominal

· 3 different Cu concentrations are used – no controls. 

· NOEC data were based on survival – no weight comparison vs. controls.

Calabrese et al., 1977.

· Q2 Endpoint (nominal added concentrations, Cu background reported)
· Species:Crassostrea virginica (american oyster) and Mercenaria mercenaria (hard clam).

· Origin of the test animals is not reported.

· Experimental water: natural filtered sea water (1.0 µm). 

· Background Cu concentration in sea water is 13.4 µg/l. 

· Salinity of the sea water used in the experiments was 24 g/l, the pH between 7.0-8.5. 

· The experiments were conducted with larvae at temperature of 25°C in a static renewal system for 12 days for the oyster tests and for 8 to 10 days for the clam tests.

· Mortality and growth were the endpoints used.

· Statistics are reported: regression analysis and equation are reported allowing the calculation of the L(E)C10 values.

· High correlation coefficients between growth/mortality and metal concentration (r between 0.8 and 0.87) indicate clear dose-response for the experiments.

· Cu concentrations were not measured (nominal).

· 6 different Cu concentrations and 1 control are used.

· Control mortality in the experiments was not reported.

· Dilution factor could not be calculated.

Calabrese, A., et al 1984

· Q2 Endpoint (based on measured concentrations, based on single replicate)
· Species:Mytilus edulis.

· Origin of the test animals: Eggs raised from field caught adults.

· Experimental water: natural sand-filtered sea water. 

· Background Cu concentration in sea water is 2 – 4 µg l-1. 

· Salinity of the sea water used in the experiments was 25 g/l, the pH between 7.0-8.5. 

· The experiments were conducted with larvae at temperature of 2.6 to 24°C in a flow through system.

· Mortality and growth were the endpoints used.

· Statistics are reported.
· Cu concentrations were measured – nominal 1, 5, 10 measured 3.0, 7.9, 12.7 µg l-1 (expt 1), 
· 3 different Cu concentrations and 1 control are used (single replicates).

Conrad, G.W. 1988

· Q3 Endpoint (nominal added concentrations, copper background unknown, limited reporting of endpoints)
· Species: llyanassa obsoleta Say.

· Origin of the test animals: Wild caught from mudflats, Maine.

· Experimental water: Millipore filtered Natural Seawater. 

· Background Cu concentrations in sea water is not reported. 

· Salinity of the sea water used in the experiments is not reported 
· The experiments were conducted with fertilised eggs.

· The endpoint was abnormal development of embryos until ph I polar lobe constriction.

· Statistical analyses are not described.

· Cu concentrations were not measured 

· Control data are not reported.

Gould, E., 1988

· Q1 Endpoint

· Species: Placopecten magellanicus (Scallop).

· Origin of the test animals: Trawl-collected from a site 31 m deep on the southern shelf of the Hudson River Canyon. approximately 22km NNE of Manasquan Inlet, New Jersey, USA.

· Experimental water: Sea-water from Milford (CT) harbour. 

· Background Cu concentrations in sea water is 2.5 to 3.4 µg l-1. 
· Salinity of the sea water used in the experiments is 24.7 ppt, pH not reported, temp 6.6 to 12.1ºC.

· The experiments were conducted with wild caught adults, 8 week exposure period.

· The lowest response from parameters; Reduced gamete weight, decreased gonadal nucleic acid levels, decrease in gonadal pprotein levels, decreased manganese, increased magnesium levels was the endpoint used.

· Statistical analyses are described.

· Individual effects are not reported.  .

· Cu concentrations were measured, analysed weekly for copper levels 

· 2 different Cu concentrations (10, 20 µg/l) and 1 control are used. 

· Control data are reported.

· Reliable NOEC data for Placopecten magellanicus was 10 µg l-1.

Hall, L., 1997. 

· Q1 Endpoint

· Species: eurytemora affinis (estuarine copepod).

· Origin of the test animals: In house cultures.

· Experimental water: Natural estuarine water (Choptank River, Maryland). 

· Background Cu concentrations in sea water is <3 µg l-1. 

· Salinity of the sea water used in the experiments is 14-17 ppt, pH 7.9 – 8.8

· The experiments were conducted with copepods ~24 hours at test initiation.

· The lowest response from three parameters; Mortality, fecundity and maturation was the endpoint used.

· Statistical analyses are described.

· Individual effects are not reported.  .

· Cu concentrations were measured 

· 6 different Cu concentrations (16, 26, 40, 64, 100, 160µg/l) and 1 control are used. 

· Control data are not reported.

· Reliable NOEC data for eurytemora affinis was 51.1 µg l-1.

Hoare, K., et al 1995

· Q3 Endpoint (Measured concentration, Single test concentration from which only and unbound NOEC can be calculated)
· Species:Mytilus edulis.

· Origin of the test animals: Menai Strait (Wales) and Westerschelde veliger cultures.

· Experimental water: natural filtered sea water.
· Background Cu concentration in sea water is 3 µg l-1.

· Salinity of the sea water used in the experiments was not reported. 

· No experimental detail supplied.

· Mortality and growth were the endpoints used.

· Statistics are reported.

· Cu concentrations were measured – exposure systems were 7.3 µg l-1 higher than controls
· 1 Cu concentration (8 ppb added) and 1 control are used (two replicates).

· No statistical differences between any treatments –NOEC (single concentration) = 10.3 µg l-1 

Hurd, K, 2006a. 

· Q1 Endpoint

· Species: Purple sea urchin Paracetrotus lividus
· Origin of the test animals: Dunmanus Seafoods Ltd, Darrus, Bantry, Co. Cork.

· Experimental water: Natural filtered seawater. 

· Background Cu concentration in sea water is < 0.4 µg l-1 
· Salinity of the sea water used in the experiments is 34.4 ppt, pH 8.0 – 8.3

· The experiments were conducted with newly fertilised eggs.

· Normal/abnormal larval development was the endpoint used.

· Statistical analyses are described.

· Dose-response was observed for the experiment.

· Cu concentrations were measured

· 7 different Cu concentrations (3.2, 5.6, 10, 18, 32, 56 and 100 µg l-1) and 1 control are used. 

· Control data is reported.

· Reliable NOEC data for Paracetrotus lividus was 8.8 µg l-1.

Kaiser et al 2003

· Q2 Endpoint (Measured concentrations, but poor dose-response)
· Species: Aiptasia sp. (Rock anemone).

· Origin of the test animals: Collected from the marine ornamental fish hatchery, Rhodes University, SA.

· Experimental water: Natural seawater
· Background Cu concentrations in sea water is not reported. 

· Salinity of the sea water used in the experiments is 33.9 ppt, pH 8.2 to 8.4
· The experiments were conducted with juvenile Aiptasia.

· Population growth was the endpoint used.

· Statistical analyses are described but the dose-response curve is unclear.

· Individual effects are not reported, represented graphically. 

· Cu concentrations were measured 

· 6 different Cu concentrations (29, 51, 70, 106, 128, 154, 169, 199 µg/l) and 1 control are used (single replicates. 

· Control data are reported.

· The data are considered Q2 because although the author reports a measured NOEC of 70 µg l-1, the graphical representation of the data indicates that the lower tested concentrations (29, 51 µg l-1) do not respond as the control data.  The interpretation of the data, therefore, is considered sufficient to reduce the confidence in the endpoint and, combined with the lack of replication, means the data are not retained as a Q1 endpoint.  
Karbe 1972. 

· Q3 Endpoint (nominal added concentrations, copper background unknown)
· Species: Hydroid Eirene viridula.

· Origin: Information not abstracted.

· Experimental water: natural sea water.

· Background Cu concentrations in sea water are not reported. 

· Salinity of the sea water used in the experiment is 25-35 ppt.

· The experiments were maintained at 20-30oC.

· Morphological changes colony growth and reduction in hydranth numbers are recorded.

· Dose-response was observed.

· Cu concentrations nominal.

· 7 different Cu concentrations (0.03, 0.06, 0.1, 0.2, 0.3, 0.6, 1 mg/l) and 1 control are used.

LaBreche, 2002

· Q1 Endpoint

· Species: Larval Mercenaria mercenaria (hard clam),
· Origin of the test animals: Coastal hatchery, further details not specified.

· Experimental water: Artificial seawater. 

· Background Cu concentration in control water is 1 µg l-1. 

· Salinity of the sea water used in the experiments is 26.5 g/l. 

· The experiments were conducted in static systems with 7 days old at initial exposure organisms at temperature of 24°C for 12 days.

· 3 replicates at each test concentration, 5 replicates for background control group, 3 replicates at 14 and 29 µg/L without algae and 5 replicates for background control without algae.

· Mortality, activity (swimming), shell development and metamorphosis were the endpoints used.

· Statistics are reported.

· Cu concentrations were measured.

· 8 different Cu concentrations, 1 (background control), 5, 7, 14, 29, 57, 119, 240 and 495 µg/L. 

· Control mortality is not reported.

· NOEC 7 µg l-1 at 288 hours

Lawrence & Poulter, 1998.

· Q3 Endpoint (nominal added concentrations, copper background unknown)
· Species: Gammarus duebeni (amphipod)

· Origin of the test animals: Humber estuary near Immingham (England).

· Experimental water: sea water. 

· Background Cu concentration in control water is not reported. 

· Salinity of the sea water used in the experiments is 15.5 g/l. 

· The experiments were conducted in static renewal systems with 15-21 mm organisms at temperature of 11 °C for 7 days.

· Pleopod beats and swimming stamina were the endpoints used.

· Statistics are reported. ANOVA testing.

· Dose-response was observed for the experiment with swimming stamina not for the experiments with pleopod beats as endpoint.

· Cu concentrations were not measured (nominal).

· 4 different Cu concentrations, between 50 and 400 µg/l for the pleopod beats and 3 different Cu concentrations for the swimming activity experiments (between 15 and 45 µg/l) and 1 control are used. 

· Control mortality is not reported.

· Dilution factor is 0.5-0.7.

Lorenzo, J., et al, 2006. 

· Q1 Endpoint

· Species: Purple sea urchin Paracetrotus lividus
· Origin of the test animals: Adult sea urchins were collected from a subtidal population at Canido (42°11′36N, 8°49′30W).

· Exerimental water: Not reported. 

· Background Cu concentrations in sea water is 0.014 ± 0.009 μ M (0.32 – 1.45 µg l-1)
· Salinity of the sea water used in the experiments is 34.4 ppt, pH 8.0 – 8.3

· The experiments were conducted with newly fertilised eggs.

· Normal/abnormal larval development was the endpoint used.

· Statistical analyses are described.

· Dose-response was observed for the experiment.

· Cu concentrations were measured 

· 5 different Cu concentrations (0.5, 1, 2, 5, 10 µM) and 1 control are used. 

· Control data are not reported.

· Reliable NOEC (EC10) data for Paracetrotus lividus was 16.5 µg l-1.

Lundebye & Depledge, 1998. 

· Q3 Endpoint (nominal added concentrations, copper background unknown, no stats reported)
· Species:Carcinus maenas (shore crab).

· Origin: The animals originated from the River Puslinch (Cornwall).

· Experimental water: filtered sea water. 

· Background Cu concentrations in sea water is not reported. 

· Salinity of the sea water used in the experiments was 35 g/l, pH was not reported. 

· The experiments were conducted with male intermoult (51 mm carapace width) at temperature of 15°C in a static renewal system for 28 days.

· Mortality was the endpoint used.

· Statistics are not reported: raw data are reported and allow to estimate LC10 values using own regression analysis.

· Dose-response was observed for the experiment.

· Cu concentrations were not measured (nominal).

· 4 different Cu concentrations (between 200 and 800 µg/l) and 1 control are used.

· No control mortality were observed in the experiments.

· Dilution factor of 0.5-0.8.

Lussier et al., 1985.

· Q2 Endpoint (Based on measured concentrations, but high control mortality)
· Species: Mysidopsis bahia .

· Origin of the test animals: EPA ERL laboratory at Gulf Breeze (Florida).

· Experimental water: filtered (15 µm) natural sea water. 

· Background Cu concentrations in control water is 2.9 µg/l. 

· Salinity of the sea water used in the experiments is 30 g/l. 

· The experiments were conducted in flow through systems with post-larvae (24 h old) at temperature of 22 °C for 35 days.

· Mortality and reproduction were the endpoints used.

· Statistics are reported. ANOVA with Dunnett’s test (p<0.05).

· Dose-response was observed for the experiment.

· Cu concentrations were measured as total copper using AAS.

· 4 different Cu concentrations (between 24 and 140 µg/l) and 1 control are used. 

· High control mortality is observed: 53% mortality, the test results are therefore not reliable (results indicate copper deficiency at 2.9 µg/l).  
· Dilution factor is 0.2-0.5.

Macdonald et al., 1988. 

· Q2 Endpoint (nominal added concentrations, measured background)
· Species:Cancer anthonyi (yellow crab).

· Origin: The animals originated from the near shore of Santa Barbara (California).

· Experimental water: filtered sea water (0.45 µm). 

· Background Cu concentrations in sea water is 1.72 µg/l. 

· Salinity of the sea water used in the experiments was 34 g/l, the pH 7.8. 

· The experiments were conducted with setae bearing embryos at temperature of 20°C in a static system for 7 and 11 days.

· Mortality was the endpoint used.

· Statistics are reported: ANOVA followed by Tukey’s multiple range test or Bonferroni’s inequality test (p<0.05). 

· Dose-response was observed for the experiment.

· Cu concentrations were not measured (nominal).

· 6 different Cu concentrations (between 10 and 1,000,000 µg/l) and 1 control are used.

· Control mortality in the experiments was 5.9%.

· Dilution factor of 0.1.

· NOEC value for 7 days of exposure was rejected because a NOEC for 11 days was available

McLusky, D.S & Phillips, C., 1975

· Q3 Endpoint (nominal added concentrations, copper background unknown)
· Species: Phyllodoce maculata (Polycheate worm)

· Origin of the test animals: Collected from Cramond, Firth of Forth, Scotland.

· Experimental water: Natural Seawater. 

· Background Cu concentration in control water is not measured, but is reported as 5 µg l-1 (generic figure for coastal seawater). 

· Salinity, pH of the sea water used in the experiments is not reported.

· The primary endpoint of the investigation was bioaccumulation.

· The experiments were conducted with adult worms in triplicate vessels (2 worms per vessel), static renewal system for 21 days.

· Mortality is the endpoint used.

· Statistics are not reported.

· Dose-response was reported (as LT50s).

· Cu concentrations were not measured.

· 14 different Cu concentrations (between 10 and 100 µg/l) and 6 controls are used. 

· All animals survived in the concentrations at and below nominal 70 µg l-1 test solution at the end of the exposure period.

Milanovich et al., 1976

· Q3 Endpoint (nominal added concentrations, copper background unknown)
· Species: Cirriformia spirabrancha (Polycheate worm)

· Origin of the test animals: Collected from Lawsons Flat, Tomales Bay, California.

· Experimental water: Seawater. 

· Background Cu concentration in control water is not reported. 

· Salinity of the sea water used in the experiments is 29.8-30.6 g/l; pH is 7.9-8.3.

· The experiments were conducted with adult worms in a static renewal system for 34 days.

· Mortality is the endpoint used.

· Statistics are not reported.

· Dose-response was reported.

· Cu concentrations were not measured.

· 7 different Cu concentrations (between 20 and 500 µg/l) and 1 control are used. 

· All animals survived in the 20 µg l-1 test solution at the end of the exposure period.

Nell & Holliday, 1986.

· Q3 Endpoint (nominal added concentrations, copper background unknown)
· Species:Saccostrea commercialis (rock oyster).

· Origin of the test animals is not reported.

· Experimental water: sand filtered natural sea water from Port Stephens estuary (Australia). 

· Background Cu concentrations in sea water is not reported. 

· Salinity of the sea water used in the experiments was 30 g/l, the pH between 7.0-8.5. 

· The experiments were conducted with larvae at temperature of 28°C in a static renewal system for 5 days.

· Settling rate was the endpoint used.

· Statistics are reported: ANOVA (p<0.05). Because unbounded NOEC: EC10 value was calculated based on raw data with own regression analysis. 

· Dose-response was observed for the experiments.

· Cu concentrations were not measured (nominal).

· 5 different Cu concentrations (between 99.7 and 496.2 µg/l) and 1 control are used.

· Control mortality: on day 5 the larvae in the control treatment were alive.

· Dilution factor between 0.5 and 0.8.

Nelson et al., 1988.

· Q3 Endpoint (Based on nominal concentrations, copper background reported,  126 days exposure to filtered water, fed limited amount of algae 3 times a week – nutritional stress, large dilution factor at lower concentrations, high control mortality in some parts of the test)
· Species: Mytilus edulis (blue mussel), Spisula solidissima (surf clams) and Argopecten irradians (bay scallop).

· Origin of the test animals is not reported.

· Experimental water: sand filtered sea water. 

· Background Cu concentration in sea water is between 2 and 4 µg/l. 

· Salinity of the sea water used in the experiments was 26 g/l. 

· The experiments were conducted with organisms (49.5 mm in length for the mussels; 30.4 mm for the surf clams and 31.2 mm for the scallops) at temperature between 3.5-13.8C in a flow through system (equilibration time between copper solutions and experimental water is not reported) for 126 days.

· Mortality was the endpoint used.

· Statistics are not reported: raw data with own regression analysis allow the calculation of the LC10 values.

· Dose-response was observed for the experiments.

· Cu concentrations were not measured (nominal).

· 3 different Cu concentrations (between 2 and 20 µg/l) and 1 control are used.

· Control mortality were observed during the experiments with the surf clams (1 clam died) and with the adult blue mussel (5.6%); 33% mortality was observed in the control series of the larvae for the bay scallop (the LC10 for these experiments were therefore rejected).

· Dilution factor between 0.2 and 0.5.

Pesch et al., 1986. 

· Q1 Endpoint

· Species: Neanthes arenaceodentata (polychaete).

· Origin of the test animals is reported, i.e. Los Angeles Harbour, and were cultured for 3 years in the lab.

· Experimental water: filtered sea water. 

· Background Cu concentration in sea water is 2 ± 1 µg l-1.  
· Salinity of the sea water used in the experiments is not reported, pH is 7.8. 

· The experiments were conducted with larvae (0.1 mg) for 21 to 28 days.

· Growth was the endpoint used.

· Statistics: raw data with own regression analysis allow the calculation of the EC10 values.

· Dose-response was observed for the experiments.

· Cu concentrations were measured 

· 4 different Cu concentrations (67, 119, 214, 380 µg/l) and 1 control are used. 

· Study aimed at assessing the effect of different diets on Cu toxicity to the polychaetes.

· Control mortality is reported.

· Dilution factor is 0.5.

· Reliable EC10s calculated from the response data for Neanthes arenaceodentata was 12.1 and 13.5 µg/l (for the different diets).

Rainbow et al. 1985

· Q2 Endpoint (Measured background, nominal added concentrations)
· Species: Carcinus maenas (Crab) and Elminius modestus (Barnacle)

· Origin of the test animals: Carcinus maenas (Crab) Wild caught, Firth of Clyde, Elminius modestus (Barnacle) collected from the shells of Mytilus edulis, Southend-on-Sea, Essex, UK

· Experimental water:  Artificial sea water (Tropic Marin Neu). 

· Background Cu concentration in sea water is 6 µg l-1. 

· Salinity of the sea water used in the experiments is 33 ppt. 

· The primary endpoint of the investigation was bioaccumulation.

· The crab experiments were conducted with 4 individuals per test concentration, single replicate, in a static renewal system at temperature of 10°C for 21 days.

· The barnacle experiments were conducted with 25 individuals per test concentration, single replicate, in a static renewal system at temperature of 10°C for 21 days.

· Survival was the endpoint used.

· Statistics are reported: The focus of the study was bioaccumulation – survival data in the controls was compared to survival in the test concentrations.

· Dose-response was observed for the experiment.

· Cu concentrations were measured, but results are based on nominal concentrations and measured data are not reported.

· 5 different Cu concentrations (between 31.6 and 3162 µg/l) and 1 control are used. 

· Control mortality is reported.

Rainbow et al. 1989

· Q2 Endpoint (Measured background, nominal added concentrations)
· Species: Palaemon elegans (Decapod), Echinogammarus perlotti (Amphipod) and Elminius modestus (Barnacle)

· Origin of the test animals: Palaemon elegans, littoral rockpools, Firth of Clyde, Echinogammarus perlotti a boulder shore, Firth of Clyde, Elminius modestus (Barnacle) collected from the shells of Mytilus edulis, Southend-on-Sea, Essex, UK

· Experimental water:  Artificla sea water (Tropic Marin Neu). 

· Background Cu concentration in sea water is 6 µg l-1. 

· Salinity of the sea water used in the experiments is 33 ppt. 

· The primary endpoint of the investigation was bioaccumulation.

· The amphipod and decapod experiments were conducted with 10 individuals per test concentration, single replicate, in a static renewal system at temperature of 10°C for 28 days.  The barnacle experiments were conducted with 50 individuals per test concentration, under the same conditions.

· Survival was the endpoint used.

· Statistics are reported: The focus of the study was bioaccumulation – survival data in the controls was compared to survival in the test concentrations.

· Limited dose-response was observed for the experiments.

· Cu concentrations were not measured.
· 5 different Cu concentrations (between 31.6 and 3162 µg/l) and 1 control are used. 
· Control mortality is reported.
Rao & Latheef, 1989

· Q3 Endpoint (Nominal added concentrations, copper background unknown, graphical estimation of the EC10)

· Species: Artemia salina Linn

· Origin: Bird and Fish food manufacturers, Bombay.

· Experimental water: artificial salt water medium (F/2 medium).

· Background Cu concentrations in control water is not reported. 

· Salinity of the sea water used in the experiments is 30 g/l.

· The experiments were conducted at temperature of 24°C in static systems for 12 days.

· Hatching and Growth were the endpoint used.

· Statistics are not reported. 

· Dose-response was observed for the experiment.

· Cu concentrations were not measured in the experiment.

· For hatching, 7 different Cu concentrations (between 5000 and 150,000 µg/l) and 1 control are used.

· For growth, 4 different Cu concentrations (between 200 and 100,000 µg/l) and 1 control are used

· Dilution factor of between 3 and 25.

· An EC10 value of 100µg/l was estimated.

Rayburn & Fisher (1999). 

· Q3 Endpoint (nominal added concentrations, background unknown, large dilution factors, SW diluted with distilled water)
· Species: Palaemonetes pugio (grass shrimp).

· Origin: populations collected from estuary near Gulf Breeze (Florida).

· Experimental water: filtered sea water (0.22 µm) from Santa Rosa Sound (Gulf Breeze, Florida) adjusted with distilled water to 20 g/l.

· Background Cu concentrations in sea water are not reported. 

· Salinity of the sea water used in the experiments was 20 g/l. 

· The experiments were conducted with 3 days old embryos at temperature of 27°C in a static system for 12 days.

· Embryo length was the endpoint used.

· Statistics are reported: Tukey’s multiple range test (p<0.01). 

· Dose-response was observed for the experiment.

· Cu concentrations were not measured (nominal).

· 5 different Cu concentrations (between 100 and 12,000 µg/l) and 1 control are used.

· Control mortality in the experiments was 11.1%.

· Dilution factor of 0.1-0.5.

Redpath, 1985. 

· Q1 Endpoint

· Species:Mytilus edulis (blue mussel).

· Origin of the test animals: West coast of Norway.

· Experimental water: filtered sea water. 

· Background Cu concentration in sea water is 2.0-2.4 µg/l. 

· Salinity and pH of the sea water used in the experiments was not reported. 

· The experiments were conducted with larvae at temperature of 25°C in a renewal system for 10 days.

· Growth was the endpoint used.

· Statistics are reported: ANOVA (p<0.05).

· Dose-response was observed for the experiments.

· Cu concentrations were measured (potentiometric stripping analysis) but NOEC were reported as added concentrations.

· 6 different Cu concentrations (between 1.1 and 15.7 µg/l added Cu) and 1 control are used.

· No control mortality were observed during the experiments.

· Dilution factor between 0.3 and 0.8.

· Reliable NOEC added data for Mytilus edulis was 6.0 µg/l total copper (growth)

Reichelt-Brushett, 2004

· Q1 Endpoint

· Species: Goniastrea aspera (Scleractininan coral).

· Origin of the test animals: Colonies were collected just prior to spawning at Magnetic Island, Central Great Barrier Reff (GBR) region and were held in large tanks until they spawned and the eggs were fertilized.

· Experimental water: Natural sea water. 

· Background Cu concentration in sea water is 1.2 µg/l. 

· Water quality parameters are not reported. 

· The experiments were conducted with larvae in static systems for 96 hours.

· Larval survival and motility were the endpoints used.

· Statistics are reported: 

· Dose-response was observed for the experiments.

· Cu concentrations were measured.

· 9 different Cu concentrations (3.7, 8.1, 14.2, 22.1, 33.3, 64.9, 88.7, 153.8, 178.3 µg/l Cu) and 1 control are used, 3 replicates per concentration.

· No control mortality were observed during the experiments.

· Reliable NOECadded data for Goniastrea aspera was 14.2 µg/l total copper (motility)

Reichelt-Brushett, 2000

· Q1 Endpoint

· Species: Acropora tenuis (Scleractininan coral).

· Origin of the test animals: the reef at Magnetic Island, Australia.

· Experimental water: Natural sea water. 

· Background Cu concentration in sea water is 0.63 µg/l. 

· Water quality parameters are not reported. 

· The experiments were conducted with larvae in static systems for 96 hours.

· Larval settlement was the endpoint used.

· Statistics are reported

· Dose-response was observed for the experiments.

· Cu concentrations were measured.

· 4 different Cu concentrations (7.9, 17.3, 42, 80.5 µg/l Cu) and 1 control are used, 3 replicates per concentration.

· No control mortality were observed during the experiments.

· Reliable NOECadded data for Acropora tenuis was 17.3 µg/l total copper (larval settlement)

Reichelt-Brushett, 2005

· Q1 Endpoint

· Species: Lobophytum compactum (Soft coral).

· Origin of the test animals: Twenty randomly-selected mature male and female colonies of L. compactum (diameter 35–50 cm) were collected in the intertidal zone of Bay Rock 10 days prior to the coral spawning. Bay Rock is a continental island in Cleveland Bay and is surrounded by extensive fringing reefs <10m deep. Within 2 h of collection, corals were placed in the 2.5 million L coral reef mesocosm at ReefHQ, the Townsville based education centre of the Great Barrier Reef Marine Park Authority (GBRMPA).
· Experimental water: Natural sea water. 

· Background Cu concentration in sea water is not reported. 

· Water quality parameters are not reported. 

· The experiments were conducted with larvae in flowthrough systems for 96 hours.

· Fertilisation was the endpoint used.

· Statistics are reported

· Dose-response was observed for the experiments.

· Cu concentrations were measured.

· Treatments consisted of five replicate glass vials of a seawater control, and various measured concentrations of copper including 6, 9, 16, 22, 36, 69 and 132 ug/L in experiment 1 and 18, 25, 39, 69, 117, 489, and 676 ug/L in experiment 2 (measured by ICP-OES).

· No control mortality were observed during the experiments.

· Reliable NOECadded data for Lobophytum compactum was 36 µg/l total copper (fertilisation success)

Reish & Carr, 1976.

· Q3 Endpoint (nominal added copper; background unknown,)

· Species: Neanthes arenaceodentata and Capitella capitata (polychaete).

· Origin of the test animals: California State University.

· Experimental water: Southern California natural coastal waters. 

· Sodium citrate added as a chelating agent

· Salinity of the sea water used in the experiments is 32 g/l. 

· The experiments were conducted for 28 days.

· Growth was the endpoint used.

· Statistics are not reported
· Dose-response was observed for the experiments.

· Cu concentrations were not measured (nominal).

· 6 different Cu concentrations (between 30 and 1,000 µg/l) and 1 control are used.

· Control mortality: no mortality in the controls.

· Dilution factor between 0.2 and 0.5.

Reish & Carr, 1978.

· Q3 Endpoint (nominal added copper, background unknown)
· Species: Ctenodrilus serratus & Ophryotrocha diadema (polychaete).

· Origin of the test animals: California State University.

· Experimental water: sand filtered Southern California natural coastal waters (15 µm). 

· Sodium citrate added as a chelating agent

· Background Cu concentration in sea water is not measured. 

· Salinity of the sea water used in the experiments is 32 g/l. 

· The experiments were conducted for 28 days.

· Growth was the endpoint used.

· Statistics are reported: Mann-Whitney U-test (p<0.05). 

· Dose-response was observed for the experiments.

· Cu concentrations were not measured (nominal).

· 6 different Cu concentrations (between 10 and 1,000 µg/l) and 1 control are used.

· Control mortality: no mortality in the controls.

· Dilution factor between 0.2 and 0.5.

Ringwood, A., 1992

· Q3 Endpoint (nominal added concentrations, background unknown, Data presented graphically do not reflect the derived endpoints)
· Species: Echinometra mathaei (Sea Urchin) & Isognomon californicum (Bivalve)

· Origin of the test animals: Wild caught endemic species.

· Experimental water: Filtered (0.45 µm) seawater. 

· Background Cu concentration in sea water is not reported. 

· Salinity of the sea water used in the experiments is 34 ppt. 

· The sea urchin sperm fertilisation experiments were conducted for 60 + 20 to 90 mins, the bivalve experiments were conducted for 1+2 hours (sperm fertilisation), 48 hours (embryo assays) 4 days (larval assays).

· Fertilisation, embryo development and larval survival are the endpoints used.

· Statistics are not reported. 

· Dose-response was observed for the experiments.

· Cu concentrations were not measured (nominal).

· 5 different Cu concentrations (between 5 and 100 µg/l) and 1 control are used.

· Control mortality: no mortality reported in the controls.

· Data presented graphically do not reflect the derived endpoints.

Roesijadi, G, 1980. 

· Q1 Endpoint

· Species: Clam Protothaca staminea
· Origin of the test animals: Collected from the intertidal zone of Sequim Bay, Washington, during May, 1978

· Experimental water: Seawater  - source not reported. 

· Background Cu concentration in sea water is 0.35 µg l-1. 

· Salinity of the sea water used in the experiments is 32 ppt, pH 8.1

· The experiments were conducted with 5.2 to 5.8 cm (total length) clams.

· Survival (mortality) was the endpoint used.

· Statistical analyses are described.

· Dose-response was observed for the experiment.

· Cu concentrations were measured  

· 4 different Cu concentrations (7, 18, 39 and 82 µg l-1 total copper) and 1 control are used. 

· Control data are reported.

· Reliable NOEC data for Protothaca staminea was 18 µg l-1.

Rosen, 2005

· Q1 Endpoint

· Species: Mytilus galloprovincialis
· Origin of the test animals: Carlsbad Aquafarm, Carlsbad, California, USA

· Experimental water: 5 test waters sourced from different locations were tested. 

· Background Cu concentrations in test waters ranged from 0.6 to 1.5 µg l-1. 

· Salinity of the test water used in the experiments is ranged from 29 - 34 ppt, pH 8.0

· The experiments were conducted with newly fertilised embryos.

· Normal/abnormal larval development was the endpoint used.

· Statistical analyses are described.

· Dose-response was observed for the experiments.

· Total and dissolved Cu concentrations were measured

· 5 to 7 different Cu concentrations (4.1, 5.8, 8.4, 12.0, 17.2, 25, 50) and 1 control are used. 

· Control data are reported.

· Reliable NOECs were 5.9 µg/L,  9.2 µg/L, 9.7 µg/L, 7.5 µg/L, 5.7 µg/L measured.

Shuster, C.N., & Pringle, B.H, 1969

· Q3 Endpoint (nominal added concnetrations, background unknown, no dose response)
· Species:Crassostrea virginica (Eastern oyster).  A similar study was undertaken with Quahaug (Mercenaria mercenaria) but very high mortalities in the test concentrations were observed, therefore no NOEC could be derived for this species.  Up to 5 weeks, there was no effect on the test organisms in this test, and those exposed to Cu responded similar to those exposed to Cd, Zn, Cr.  However, from week 5 onwards, the organisms rapidly declined in survival, with no dose relationship.
· Origin of the test animals: Local.

· Experimental water: sea water. 

· Background Cu concentration in sea water is not reported. 

· Salinity of the sea water used in the experiments was 31 g/l. 

· The experiments were conducted with mature animals at temperature of 20 ± 1°C in a flow through system for 20 weeks (for the mature animals).

· Survival was the endpoint used.

· Statistics are not reported.

· Dose-response was not observed for the experiments (no effect at either tested concentration).

· Cu concentrations were not measured (nominal).

· 2 different Cu concentrations (25 and 50 µg/l) and 1 control are used.

· No control mortality were observed during the experiments.

Stebbing, 1976.

· Q3 Endpoint (nominal added copper,  background known, high dilution factor)
· Species: Campanularia flexuosa.

· Origin of the test animals: River Tamar.

· Experimental water: filtered (0.45 µm) Eddystone Rock water. 

· Background Cu concentration in control water is 0.2-0.5 µg/l. 

· Salinity of the sea water used in the experiments is not reported 

· The experiments were conducted in static renewal systems with individual Hydra at temperature of 20 °C for 11 days.

· Growth was the endpoint used.

· Statistics are reported: three times the standard error is used as level of significance (p<0.001).

· Dose-response was observed for the experiment.

· Cu concentrations were not measured (nominal) but occasional analyses were made to check the accuracy of the nominal concentrations.

· 4 different Cu concentrations (between 0.1 and 100 µg/l) and 1 control are used. 

· Control mortality is not reported.

· Dilution factor is 0.1.

Stebbing & Pomroy, 1978.

· Q3 Endpoint (nominal added concentrations, background unknown, artifical seawater made of NaCl, CaCl2 and NaHCO3 in deionised water – no other nutrients)
· Species: Hydra littoralis.

· Origin of the test animals: Loomis Laboratory.

· Experimental water: artificial sea water. 

· Background Cu concentration in sea water is not reported. 

· Salinity of the sea water used in the experiments is 0.35 g/l NaCl (??). 

· The experiments were conducted with individual Hydra in a static renewal system at temperature of 15-20 °C for 11 days.

· Reproduction was the endpoint used.

· Statistics are reported: an inhibition of three times the standard error from the control is used as level of significance (p<0.001).

· Dose-response was observed for the experiment.

· Cu concentrations were not measured (nominal).

· 6 different Cu concentrations (between 0.5 and 25 µg/l) and 1 control are used. 

· Control mortality is not reported.

· Dilution factor is 0.2-0.3.

Stromgren and Nielsen, 1991.

· Q3 Endpoint (Discussed in detail and reviewed by independent experts  and rejected)
· Species:Mytilus edulis (blue mussel).

· Origin of the test animals: Local.

· Experimental water: sea water. 

· Background Cu concentration in sea water is not reported. 

· Salinity of the sea water used in the experiments was 32 g/l. 

· The experiments were conducted with mature animals and larvae at temperature of 7 to 10°C in a flow through system (equilibration time between copper solutions and experimental water is not reported) for 30 days (for the mature animals) and at temperature of 15°C in a static renewal system for 10 days (for the larvae).

· Growth and spawning frequency were the endpoints used.

· Statistics are reported: significance testing (p<0.01 or 0.05).

· Dose-response was observed for the experiments.

· Cu concentrations were not measured (nominal).

· 5 different Cu concentrations (between 1.0 and 40 µg/l for the spawning tests and between 0.5 and 10 µg/l for the larval growth tests) and 1 control are used.

· No control mortality were observed during the experiments with the mature animals; 27% mortality was observed in the control series of the larvae (the NOEC for the larvae experiments were therefore rejected).

· Dilution factor between 0.3 and 0.8.

· This reference has been individually assessed by independent experts and found to be unreliable
White & Rainbow, 1982

· Q2 Endpoint (nominal added copper, background reported)
· Species: Palaemon elegans.

· Origin of the test animals: Wild caught, Firth of Clyde.

· Experimental water:  Artificla sea water (Tropic Marin Neu). 

· Background Cu concentration in sea water is 6 µg l-1. 

· Salinity of the sea water used in the experiments is 33 ppt. 

· The experiments were conducted with individual shrimp in a static renewal system at temperature of 10°C for 21 days.

· Survival was the endpoint used.

· Statistics are not reported: The focus of the study was bioaccumulation – survival data in the controls (20/24) was compared to survival in the test concentrations.

· Dose-response was observed for the experiment.

· Cu concentrations were measured, but results are based on nominal concentrations and measured data are not reported.

· 6 different Cu concentrations (between 31.6 and 7500 µg/l) and 1 control are used. 

· Control mortality is reported (4/24).

Williams, T, 2006. 

· Q1 Endpoint

· Species: Marine copepod Tisbe battagliai
· Origin of the test animals: In house laboratory cultures.

· Experimental water: Natural filtered seawater. 

· Background Cu concentrations in sea water 2.0 µg l-1.

· Salinity of the sea water used in the experiments is 35 ppt, pH 8.1 – 8.4

· The experiments were conducted with <24 hour old nauplii.

· Survival, development and reproduction were the endpoints used.

· Statistical analyses are described.

· Dose-response was observed for the experiment.

· Cu concentrations were measured

· 6 different Cu concentrations (3.2, 5.6, 10, 18, 32, 56 µg l-1) and 1 control are used. 

· Control data is reported.

· Reliable NOEC data for Tisbe battagliai was 18, 18, 18 µg l-1 (Survival, development and reproduction)

Young J.S. et al., 1979a.

· Q1 Endpoint

· Species: Pandalus danae (coon-stripe shrimp)

· Origin of the test animals: not reported.

· Experimental water: raw sea water from Sequim Bay (Washington). 

· Background Cu concentration in control water is 0.47 µg/l. 

· Salinity of the sea water used in the experiments is 29.8-30.6 g/l; pH is 7.9-8.3.

· The experiments were conducted with larvae in a flow through system for >42 days.

· Mortality and development are the endpoints used.

· ‘Statistics’ are reported but hard to interpret: ‘shape parameters of the Weibull distributions are compared between treatments and control’. Visually it seems that a NOEC of 10 µg/l could be derived.

· Dose-response was reported.

· Cu concentrations were measured (Anodic Stripping Voltametry).

· 4 different Cu concentrations (between 5 and 50 µg/l) and 1 control are used. 

Young J.S et al., 1979b.

· Q2 Endpoint (Measured background, nominal added copper)
· Species: Eudystilia vancouveri (Sabellid polycheate)

· Origin of the test animals: Adult worms collected in or near Sequim Bay.

· Experimental water: Unfiltered Sequim Bay, Washington seawater. 

· Background Cu concentration in control water is 0.14 to 0.33 µg l-1. 

· Salinity of the sea water used in the experiments is 30.4 g/l; pH 7.8.

· The experiments were conducted with adult worms in a flow through system for almost 5 weeks.

· Body weights after the exposure period were the effect concentration – the focus of the study was bioaccumulation.

· Statistics are not reported.

· Dose-response was not derived.

· Cu concentrations were measured.

· 3 different Cu concentrations (1, 3 and 6 µg l-1 nominal, 1.6, 3.3, 6.3 µg l-1 measured) and 1 control are used. 

· No effect on bodyweight after the exposure assessment was observed versus the control, time 0 data are not reported.  Since this is an unbounded NOEC with insufficient data reported to allow verification, this is considered a Q2 endpoint.

Zaroogian & Johnston, 1983

· Q2 Endpoint (unbounded NOEC, no control data, based on measured concentrations)
· Species: Argopectan irradiance (Bay scallop)

· Origin of the test animals: Adult scallops were collected from Salt Pong, Rhode Island, US.

· Experimental water: Unfiltered Narrasangsatt bay seawater. 

· Background Cu concentration in control water is 1.64 to 3.09 µg l-1. (average 1.8 µg l-1)
· Salinity of the sea water used in the experiments is 29 - 32 g/l; pH is not reported.

· The experiments were conducted with adult scallops in a flow through system for 8 weeks.

· Spawning was the endpoints used.

· Statistics are not reported.

· Dose-response was reported.

· Cu concentrations were measured.

· 2 different Cu concentrations (5 and 10 µg/l nominal, 4.56, 10.24 µg l-1 measured) and 1 control are used. 

· The authors state no effects on spawning behaviour are observed in any exposure concentrations versus the control, but do not report data.  Since this is an unbounded NOEC with no reported data, this is considered a Q2 endpoint.

3.2.7.4.1.3 Toxicity to marine fish

High quality data on chronic single-species toxicity tests resulting in 13 NOEC values for marine fish are summarised in Table 3‑11. Reliable chronic data for only one fish species was found in literature, the topsmelt Atherinops affinis. Abnormality in young fish was the most sensitive endpoint.  

A study was commissioned to assess the toxicity of copper to a second fish species, the sheepshead minnow Cyprinodon variegates.  As with the topsmelt, hatachability and survival were the least sensitive endpoints (109 µg l-1 NOEC). Growth parameters of the hatchlings (length and weight) were more sensitive endpoints, and biologically significant effects were determined at 109 µg l-1, returning an overall NOEC of 57.8 µg l-1 (length, weight).

Table 3‑11: Overview of the accepted NOEC values for marine fish

	Substance
	Species 
	Taxonomic group
	Age and/or size of test organism
	Test duration
	Effect parameter
	Endpoint
	Value (µg/l)
	Analysis 
	Administration of test substance
	Cu background
	DOC
	Temp. (°C)
	pH
	Salinity (g/l)
	Test water
	Reference

	Copper chloride
	Atherinops affinis
	Fish
	early blastula embryo 
	12 days
	embryo abnormalities
	NOEC
	(123)
	measured
	static
	<3m
	2.0e
	21
	7.1-7.7
	33
	filtered natural seawater
	Anderson et al., 1991

	Copper chloride
	Atherinops affinis
	Fish
	early blastula embryo 
	12 days
	hatchability
	NOEC
	(123)
	measured
	static
	<3m
	2.0e
	21
	7.1-7.7
	33
	filtered natural seawater
	Anderson et al., 1991

	Copper chloride
	Atherinops affinis
	Fish
	early blastula embryo 
	12 days
	young abnormalities
	NOEC
	63
	measured
	static
	<3m
	2.0e
	21
	7.1-7.7
	33
	filtered natural seawater
	Anderson et al., 1991

	Copper chloride
	Atherinops affinis
	Fish
	early blastula embryo 
	12 days
	embryo abnormalities
	NOEC
	(115)
	measured
	static
	<3m
	2.0e
	21
	7.1-7.7
	33
	filtered natural seawater
	Anderson et al., 1991 

	Copper chloride
	Atherinops affinis
	Fish
	early blastula embryo 
	12 days
	hatchability
	NOEC
	(115)
	measured
	static
	<3m
	2.0e
	21
	7.1-7.7
	33
	filtered natural seawater
	Anderson et al., 1991 

	Copper chloride
	Atherinops affinis
	Fish
	early blastula embryo 
	12 days
	young abnormalities
	NOEC
	68
	measured
	static
	<3m
	2.0e
	21
	7.1-7.7
	33
	filtered natural seawater
	Anderson et al., 1991 

	Copper chloride
	Atherinops affinis
	Fish
	early blastula embryo 
	12 days
	embryo abnormalities
	NOEC
	55
	measured
	static
	<3m
	2.0e
	21
	7.1-7.7
	33
	filtered natural seawater
	Anderson et al., 1991 

	Copper chloride
	Atherinops affinis
	Fish
	early blastula embryo 
	12 days
	hatchability
	NOEC
	55
	measured
	static
	<3m
	2.0e
	21
	7.1-7.7
	33
	natural seawater
	Anderson et al., 1991 

	Copper chloride
	Atherinops affinis
	Fish
	early blastula embryo 
	12 days
	young abnormalities
	NOEC
	55
	measured
	static
	<3m
	2.0e
	21
	7.1-7.7
	33
	natural seawater
	Anderson et al., 1991 

	Copper chloride
	Cyprinodon variegates
	Fish
	Egg
	7 days
	hatchability
	NOEC
	(109)
	measured
	flowthrough
	<0.4m
	1.19m
	25
	8.0-8.3
	23.5-27
	natural seawater
	Hurd, K., 2006b 

	Copper chloride
	Cyprinodon variegates
	Fish
	Embryo-larval stages
	32 days
	Survival
	NOEC
	(109)
	measured
	flowthrough
	<0.4m
	1.19m
	25
	8.0-8.3
	23.5-27
	natural seawater
	Hurd, K., 2006b 

	Copper chloride
	Cyprinodon variegates
	Fish
	Embryo-larval stages
	32 days
	Embryo development (weight)
	NOEC
	57.8
	measured
	flowthrough
	<0.4m
	1.19m
	25
	8.0-8.3
	23.5-27
	natural seawater
	Hurd, K., 2006b 

	Copper chloride
	Cyprinodon variegates
	Fish
	Embryo-larval stages
	32 days
	Embryo development (length)
	NOEC
	57.8
	measured
	flowthrough
	<0.4m
	1.19m
	25
	8.0-8.3
	23.5-27
	natural seawater
	Hurd, K., 2006b 


E = Value was estimated 

M = Value was measured and reported

NOEC values in parentheses are not included in the derivation of a species mean NOEC, because they are not the most sensitive biological endpoint for the species

Footnote: toxicity of copper to marine fish

Anderson et al., 1991 

· Q1 Endpoint

· Species: Atherinops affinis (topsmelt)

· Origin of the test animals: caught from Elkhorn Slough, Monterey County (California).

· Experimental water: filtered (0.2 µm) seawater. 

· Background Cu concentrations in control water is <3 µg/l. 

· Salinity of the sea water used in the experiments is 33 g/l, the pH between 7.1 and 7.7. 

· The experiments were conducted in static systems with individual embryos (blastula stage 8-9) at temperature of 21 °C for 12 days.

· Abnormalities (both embryo and larvae) and hatching.

· Statistics are reported: NOEC were calculated at the 0.05 level of significance.

· Dose-response was observed for the experiments using the three different endpoints.

· Cu concentrations were measured (AAS) as total copper.

· 5 different Cu concentrations (between 18 and 180 µg/l) and 1 control are used. 

· Percent abnormal embryos in control is <10%, percent abnormal larvae in control is 0%, percent hatched larvae in control is between 85 and 100%.

· Dilution factor is 0.6.

· Reliable NOEC data for Atherinops affinis were 123, 115 and 55 µg/l for embryo abnormalities; 123, 115 and 55 for larval hatching; 63, 68 and 55 µg/l for larval abnormalities.

Hurd, K, 2006b 

· Q1 Endpoint

· Species: Cyprinodon variegates (Sheepshead minnow)

· Test undertaken to OECD guideline 210

· Origin of the test animals: In laboratory culture.

· Experimental water: natural filtered seawater, salinity adjusted with dechlorinated water. 

· Background Cu concentrations<0.42 µg l-1  

· Salinity of the adjusted sea water used in the experiments 23.5-27 g/l, the pH between 8.0 and 8.3. 

· The experiments were conducted in a flowthrough system with individual eggs and embryos at a temperature of 25°C for 32 days.

· Abnormalities (both embryo and larvae), survival and hatching.

· Statistics are reported: NOEC were calculated at the 0.05 level of significance.

· Cu concentrations are measured

· 6 different Cu concentrations (between 5.6 and 100 µg/l) and 1 control are used. 

· Reliable NOEC data for Cyprinodon variegates were 109 µg/l for larval hatching and survival, and 57.8 µg l-1 for larval abnormalities (length, weight).

3.2.7.4.2 Normalisation of the effects data for availability
All Q1, Q2 and Q3 NOEC data were normalised for DOC, as previously described (Section 3.4.3).  Where Q2/Q3 NOEC data were not measured, estimations of background concentrations were made, and these estimated values added to the nominal dosing concentrations.  Where DOC measurements were reported, these values have been included.  Where DOC and/or background concentrations were not determined, the following assumptions were made;

1. Artificial seawater; Background Cu; 0.5 µg l-1, Background DOC 0.3 mg/l (these are average values from; Effects of Using Synthetic Sea Salts When Measuring and Modelling Copper Toxicity in Saltwater Toxicity Tests; Arnold et., in press)

2. Natural seawater; Background Cu; 1.1 µg l-1 (
); Background DOC 2.0 mg l-1  

3. Filtered natural seawater; Background Cu; 1.1 µg l-1 (1);  Background DOC 2.0 mg l-1  

4. Diluted natural seawater; Natural seawater × dilution factor  

5. Reconstituted natural seawater; as artificial seawater 

6. Reconstituted open ocean natural seawater (Sargasso, Australian waters); Background Cu (unless measured): 0.1 µg l-1, Background DOC 0.2 mg l-1 

Three scenarios are presented for the risk assessment, based upon typical DOC concentrations in the receiving environment, and the “marina” and “open ocean” scenarios described in MAMPEC, the standard model employed for the risk assessment of antifouling paints in marine environments.  This model provides water quality parameters for coastal (onshore) and shipping lane (open ocean) scenarios based upon data provided by IVM and Delft hydraulics.  Typical DOC values for coastal/marinas are reported as 2.0 mg l-1, and for open ocean as 0.2 mg l-1.  

To further evaluate the DOC value used in MAMPEC, a literature search on DOC levels in European estuarine and marine waters was performed.  Table 3‑12 to Table 3‑15 show the results of the review and support the proposed values.   The median DOC levels reported for the estuaries range between 1.1 and 5.1 mg/L and most estuaries have typical DOC levels above 2 mg/L.  DOC levels in the Mediterranean Sea are between 0.6 and 4 mg DOC/L.  The  DOC levels in the Coastal N. Sea and N. Sea river plumes as well as the Baltic seem are all well above  2 mg DOC/L. Open Sea DOC levels for the Mediterranean as well as the Open Ocean and Atlantic Sea waters range between 0.5 and 1.8 mg DOC/L

Table 3‑12: Summary of DOC levels (ranges or averages) in Estuaries (Salinities >15%°) (from Abril et al., 2002)

	Estuary
	DOC mg/L

	Scheldt
	2.9-3.5

	Rhine
	1.8-2.4

	Gironde
	1.1-1.8

	Thames
	2.6

	Elbe
	3.1

	Ems
	5.1

	Sado
	3.6

	Douro
	1.9

	Loire
	2.4


Table 3‑13: Summary of DOC levels in the North Sea and Atlantic (from Ferrari et al., 2000, Obernoster and Herdndl, 2000)

	Study area
	DOC (Average  (SD) or range) mg/l
	 Reference

	River Rhine Plume
	6.5 (0.9)
	Ferrari et al., 2000

	Coastal N. Sea
	4.4-9.9
	Obernoster and Herdndl, 2000

	Open ocean Atlantic
	1.7 (0.9)
	Ferrari et al., 2000

	Atlantic Deep waters (>500m)
	0.7
	Ferrari et al., 2000


Table 3‑14: Summary of DOC levels in the Baltic Sea (from Kulinski and Pempkowiak, 2008)

	Baltic area
	DOC mg/L
	Reference

	Gulf of Gdansk
	4.2 - 4.6
	Kulinski and Pempkowiak, 2008

	S. Baltic
	3.9-4.1
	Kulinski and Pempkowiak, 2008

	Gulf of Gdansk
	6.2-7.7
	Grzybowski and Pempkowiak, 2003

	Gulf of Gdansk
	5.8-6.2
	Grzybowski, 2002

	Gulf of Gdansk
	5.3-6.5
	Ferrari et al., 1996

	S. Baltic
	5.7
	Ferrari et al., 1996

	S. Baltic
	3.2-6.2
	Jurkowskis et al., 1976

	S. Baltic
	4.6-7.1
	Pempkowiak, 1984


Table 3‑15 Summary of DOC levels in the Mediterranean Sea (from Doval et al., 1999 and Obernoster and Herdndl, 2000)

	Study area
	Depth (m)
	DOC range mg/l or mean (SD)
	 Reference

	Rhone River Tonge
	 
	4.0 (2.2)
	Ferrari et al., 2000

	NW Mediterranean-coastal
	Surface water (5 yrs survey)
	1-2.4
	Cauwet et al., 1997

	Gulf of Lyon deep  and  blue waters
	 
	1.6 (0.5) and  1.1 (0.4) 
	Ferrari et al., 2000

	NW Mediterranean- open Sea
	Deep water (5 yrs survey)
	0.5-0.7
	Cauwet et al., 1997

	NW Mediterranean -open Sea
	0-100
	0.6-1.14
	Doval et al., 1999

	NW Mediterranean- open Sea
	200-2000
	0.5-0.8
	Doval et al., 1999

	N. Adriatic
	0-200
	0.9-1.8
	Obernoster and Herdndl, 2000


For normalization of the indicidual NOEC values, in this analysis, as mentioned above, it is assumed that 50% of the natural DOC is actively binding DOC.  In the experiments which included adding DOC to flowthrough systems with no nutrient exhaustion issues in order to determine the reduction in toxicity (ie. Brooks (2006c, 2006d) for Fucus vesiculosus and Crassostreas gigas, all of the added DOC (as humic acids) is considered active and available for binding to copper.     

In the algal tests where the DOC (as humic acids) was included to replace EDTA and maintain essential nutrients in solution, this DOC was also considered 100% active.  This is considered additionally protective because reallocation of DOC to other functions (ie. copper detoxification) would result in a reduction in the availability of essential elements such as cobalt, which is considered an indirect adverse effect.  In the natural environment this reallocation would not be considered as significant a factor as in a closed flask static test system with limited nutrient supply. 

Therefore, using the correlation previously discussed the Q1 data are presented, normalised to 0.2 and 2.0 mg l-1 DOC, equivalent to 0.1 and 1.0 mg l-1 active DOC. 

It is important to note that the scope of the DOC correlation was only validated by data between 0.3 – 10 mg l-1 DOC, equivalent to 0.15 - 5 mg l-1 active DOC.  Therefore, the open ocean scenario (0.2 mg DOC/l) falls just outside the scope of the calibration. Typical open ocean background concentrations of 0.5 mg l-1 DOC (0.25 mg l-1 active DOC) for offshore waters have been reported and therefore it is considered appropriate to use this DOC value as an additional scenario for the PNECs derivation. 

Table 3‑16 summarizes the lowest non-normalised species-specific Q1 NOEC values. Similarly, Table 3‑17 provides the the lowest species-specific non-normalised Q1 +Q2 NOEC values 
Table 3‑16: Non-normalised NOEC values (individual Q1 NOECs - measured total µg dissolved Cu/L).  Where more than 1 endpoint exists for a single species, the lowest reported NOEC is included for the data analysis., 

	Species
	Taxonomic group
	Lowest NOEC (non-normalised)

	Phaeodactylum tricornutum
	Diatom
	2.90

	Mytilus galloprovincialis
	Mollusc
	5.90

	Mytilus edulis
	Mollusc
	6.00

	Artemia franciscana
	Crustacea
	6.60

	Mercenaria mercenaria
	Mollusc
	7.00

	Skeletonema costatum 
	Diatom
	7.50

	Paracentrotus lividus
	Echinoderm
	8.80

	Pandalus danae
	Crustacea
	9.90

	Macrocystis pyrifera
	Macroalgae
	10.00

	Placopecten magellanicus
	Mollusc
	10.00

	Crassostreas gigas
	Mollusc
	10.40

	Fucus vesiculosis
	Macroalgae
	11.00

	Neanthes arenaceodentata
	Annelid
	12.10

	Goniastrea aspera
	Cnidaria
	14.20

	Acropora tenuis
	Cnidaria
	17.30

	Tisbe battagliai
	Crustacea
	18.00

	Prototheca staminea
	Mollusc
	18.00

	Tisbe furcata 
	Crustacea
	19.10

	Penaeus mergulensis
	Crustacea
	33.00

	Lobophytum compactum
	Cnidaria
	36.00

	Eurytemora affinis
	Crustacea
	51.10

	Atherinopsis affinis
	Fish
	55.00

	Cyprinodon variegatus
	Fish
	57.80

	Penaeus monodon
	Crustacea
	145.00


Table 3‑17: Non-normalised NOEC values (Lowest of individual Q1 and Q2 NOECs; measured or nominal + background NOEC values - µg total dissolved Cu/L)  Where more than 1 endpoint exists for a single species, the lowest reported NOEC is included for the data analysis., Q1 only endpoints in bold,
	Species
	Phyla
	Lowest NOEC (μg/l)

	Phaeodactylum tricornutum
	Diatom
	2.9

	Mytilus galloprovincialis
	Mollusc
	5.9

	Mytilus edulis
	Mollusc
	6.0

	Eudistylia vancouveri
	Annelida
	6.4

	Artemia franciscana
	Crustacea
	6.6

	Mercenaria mercenaria
	Mollusc
	7.0

	Skeletonema costatum 
	Diatom
	7.5

	Paracentrotus lividus
	Echinoderm
	8.8


	Pandalus danae
	Crustacea
	9.9

	Macrocystis pyrifera
	Macroalgae
	10.0

	Placopecten magellanicus
	Mollusc
	10.0

	Argopecten irradians
	Mollusca
	10.2

	Crassostreas gigas
	Mollusc
	10.4

	Fucus vesiculosis
	Macroalgae
	11.0

	Cancer anthonyi
	Crustacea
	11.7

	Elminius modestus
	Crustacea
	12.0

	Neanthes arenaceodentata
	Annelid
	12.1

	Goniastrea aspera
	Cnidaria
	14.2

	Ciona intestinalis
	Ascidian
	16.5

	Acropora tenuis
	Cnidaria
	17.3

	Prototheca staminea
	Mollusc
	18.0

	Tisbe battagliai
	Crustacea
	18.0

	Tisbe furcata 
	Crustacea
	19.1

	Crassostrea virginica
	Mollusca
	26.0

	Nitzschia thermalis
	Microalgae
	32.5

	Penaeus mergulensis
	Crustacea
	33.0

	Lobophytum compactum
	Cnidaria
	36.0

	Mysidopsis bahia
	Crustacea
	38.0

	Eurytemora affinis
	Crustacea
	51.1

	Atherinopsis affinis
	Fish
	55.0

	Cyprinodon variegatus
	Fish
	57.8

	Synechococcus sp.
	Microalgae
	64.0

	Aiptasia
	Cnidaria
	70.0

	Echinogammarus perlotti
	Crustacea
	106.0

	Penaeus monodon
	Crustacea
	145.0

	Thallasiosira weisflogii
	Microalgae
	319.0

	Palaemon elegans
	Crustacea
	322.2

	Prorocentrum minimum
	Microalgae
	636.0

	Carcinus maenas
	Crustacea
	1006.0

	Dunaliella tertiolecta
	Microalgae
	3185.3


3.2.7.5 HC5-50 derivation marine waters from single-species studies

HC5-50 values were derived using the statistical extrapolation method.  Parametric statistical analysis is undertaken using the BestFit software (Palisade Inc.).  BestFit ranks all the fitted distributions using one or more fit statistics.  For continuous sample data, there are options to choose to rank fits by their chi-squared statistic, Kolmogorov-Smirnov statistic or the Anderson-Darling statistic.  

The datasets for analysis are log-transformed, and multiple distributions are analysed using the BestFit software.  This returns a ranking for the distributions based upon the three statistics, which provides information on how well the distribution fits the dataset.  The HC5 value is estimated as the 5th percentile of the distribution.  The HC5-50 values are obtained through bootstrapping techniques. 

The data are also analysed using the ETX model.  This model log-transforms the dataset, and fits a single Normal distribution to the log-transformed values, returning the HC5-50 value.  For comparison of the two approaches, this value derived from the ETX program is the equivalent of the “Normal” result derived from the BestFit program. 

For the normalized NOEC data-set, the HC5-50 was also calculated using the semi-parametric kernel density estimation. 

3.2.7.5.1 HC5-50 derivation marine waters – Non-normalised data 
HC5-50 values were derived using the BestFit software and the ETX program.  The Goodness of fit tests indicate that the Log Normal analysis was a marginal pass for the Anderson-Darling statistic, and failed the Cramer von Mises and Kolmogorov-Smirnov analysis for Normality. 

The results from the analysis and goodness of fit tests are described below. 

3.2.7.5.1.1 Q1 SSD
Based upon the species presented in Table 3‑16.  Species Sensitivity Distributions were derived for all non-normalised data in the Q1 data set, based upon the most sensitive NOECs (as shown in the Table 3‑6 to Table 3‑11).  The species sensitivity distributions based on the best fitting and conventional log-Normal approaches scenario are presented below (Figure 3‑12 and Figure 3‑13).   
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Figure 3‑12: The cumulative frequency distributions of the non-normalised species-specific lowest  NOEC values from the Cu toxicity tests in the Q1 dataset of marine organisms. Observed data and Pearson VI distribution curve (best fitting curve) for the dataset fitted on the data. Cu concentration is the total dissolved Cu based upon measured concentrations (µg l-1)   
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Figure 3‑13: The cumulative frequency distributions of the non-normalised species -specific lowest NOEC values from the Cu toxicity tests in the Q1 dataset of marine organisms (measured (µg Cu. l-1)). Observed data and Log-Normal distribution curve for the dataset fitted on the data.  (the statistical analysis results are : Rejected at 0.1 level but accepted at 0.05 level for the Anderson-Darling test; accepted for the Kolmogorov-Smirnov test;  Rejected at 0.1 level but accepted at 0.05 for the Cramer von Mises test 

3.2.7.5.1.2  Q1 and Q2 SSD 
Based upon the species presented in Table 3‑17, Species Sensitivity Distributions were derived for all non-normalised data in the Q1+ Q2 datasets, based upon the most sensitive NOECs (as shown in the Table 3‑6 to Table 3‑11).  The species sensitivity distributions based on the best fitting and conventional log-Normal approaches scenario are presented below (Figure 3‑14 and Figure 3‑15).
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Figure 3‑14: The cumulative frequency distributions of the non-normalised species-specific lowest NOEC values from the Cu toxicity tests in the Q1 and Q2 dataset of marine organisms. Observed data and Pearson V distribution curve (best fitting curve) for the dataset fitted on the data. Cu concentration is the total dissolved Cu based upon measured concentrations (µg Cu l-1) for Q1 data, or measured/estimated background + nominal added concentrations (µg Cu l-1) for Q2 data
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Figure 3‑15: The cumulative frequency distributions of the non-normalised species -specific lowest NOEC values from the Cu toxicity tests in the Q1 and Q2 dataset of marine organisms. Observed data and Log-Normal distribution curve for the dataset fitted on the data.  The Log Normal fit was rejected (p=0.05). The x axis  relates to copper NOECs, expressed as  total dissolved Cu concentrations, based upon measured concentrations (µg Cu l-1) for Q1 data, or measured/estimated background + nominal added concentrations (µg Cu l-1) for Q2 data

3.2.7.5.1.3 Non-normalized PNEC
An overall analysis of the derived PNEC from the lowest species-specific non-normalized NOECs is provided in Table 3‑18.   The Log normal HC5-50 was rejected (see Figure 3‑15)
Table 3‑18: Non-normalized HC5-50 values derived from Q1 and Q1 +Q2 NOEC data
	Scenario
	HC5 at 50th % confidence limit (µg/l) using the best fitting distribution
	HC5 at 50th % confidence limit (µg/l) using the log-normal distribution

	Q1 data set
	4.6 µg l-1
Log Pearson VI
	3.4 µg l-1 

Marginal 

	Q1 + Q2 data sets
	4.5 µg l-1
Log Pearson V
	2.2 µg l-1 
(Rejected at p = 0.05)


3.2.7.5.2  HC5-50 derivation marine waters – Normalised data 

3.2.7.5.2.1 Normalized NOECs

The normalized NOEC values for the 3 different DOC scenario’s are provided in Table 3‑19, Table 3‑20 and Table 3‑21, considering the high quality data set (Q1), less reliable (Q2) data and the unreliable (Q3) data.  
The early life stage Mytilus sp.48 hours data (Arnold, 2007, pers. comm.) supporting the DOC – EC50 correlation (as described in Section 1.3.3) further provide the NOECs for 69 individual endpoints with known DOC.  When these data are normalised to 2.0 mg l-1 DOC, the data set has a geomean NOEC of 10.9 µg Cu l-1, being supportive to the Mytilus value currently in the database.

Table 3‑19: Normalised Q1 “Species geometric mean” NOECs (µg dissolved Cu/L – measured concentrations) that are used for deriving the 5th % as a basis for the marine PNEC value; n = number of individual NOEC value used for the geometric mean NOEC; most sensitive endpoint shown.  For comparison, the lowest normalized NOEC for the species (at 2 mg DOC/L)  is also shown.
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Table 3‑20: Normalised “Species mean” Q1 and Q2 NOECs.  Q1 values are reported as measured concentrations (µg dissolved Cu/L).  Q2 values are reported as measured concentrations or nominal added plus measured/close estimation background (µg dissolved Cu/L), where appropriate.  Q1 only endpoints in bold, underlined
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Phaeodactylum tricornutum Diatom

1.06 1.86 4.36

Eudistylia vancouveri

Annelida

1.56 2.73 6.40

Mytilus edulis Mollusc

1.71 3.00 7.03

Pandalus danae Crustacea

2.41 4.23 9.90

Macrocystis pyrifera Macroalgae

2.43 4.27 10.00

Placopecten magellanicus Mollusc

2.43 4.27 10.00

Argopecten irradians

Mollusca

2.49 4.37 10.24

Crassostreas gigas Mollusc
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Cancer anthonyi

Crustacea

2.85 5.00 11.70

Mytilus galloprovincialis Mollusc

2.91 5.11 11.96

Paracentrotus lividus Echinoderm

3.01 5.29 12.38

Neanthes arenaceodentata Annelid

3.11 5.46 12.78

Goniastrea aspera Cnidaria

3.46 6.07 14.20

Tisbe battagliai Mollusc

3.57 6.27 14.67

Artemia franciscana Crustacea

3.86 6.77 15.84

Acropora tenuis Cnidaria

4.21 7.39 17.30

Prototheca staminea Crustacea

4.38 7.69 18.00

Mercenaria mercenaria

Mollusc

4.44 7.79 18.24

Fucus vesiculosis Macroalgae

4.45 7.80 18.26

Tisbe furcata  Crustacea

4.65 8.16 19.10

Skeletonema costatum Diatom

5.22 9.16 21.45

Crassostrea virginica

Mollusca

6.59 11.57 27.08

Penaeus mergulensis

Cnidaria

8.03 14.10 33.00

Lobophytum compactum Crustacea

8.76 15.38 36.00

Mysidopsis bahia Cnidaria

9.25 16.23 38.00

Eurytemora affinis

Crustacea

12.44 21.83 51.10

Atherinopsis affinis Crustacea

14.35 25.19 58.96

Synechococcus sp. Fish

15.59 27.36 64.05

Aiptasia

Microalgae

17.04 29.90 70.00

Ciona intestinalis

Ascidian

18.06 31.68 74.17

Cyprinodon variegatus Fish

19.35 33.95 79.48

Nitzschia thermalis

Microalgae

25.34 44.46 104.10

Penaeus monodon Crustacea

35.30 61.94 145.00

Elminius modestus

Crustacea

48.48 85.07 199.16

Thallasiosira weisflogii

Microalgae

77.66 136.25 318.98

Echinogammarus perlotti

Crustacea

82.65 145.02 339.51

Prorocentrum minimum

Microalgae

154.82 271.65 635.96

Palaemon elegans

Crustacea

251.23 440.81 1031.99

Dunaliella tertiolecta

Microalgae

775.45 1360.61 3185.34

Carcinus maenas

Crustacea

784.42 1376.34 3222.17

 

Table 3‑21: Normalised “Species geometric mean” Q1, Q2 and Q3 NOECs (µg dissolved Cu/L). Q1 values are reported as measured concentrations.  Q2 values are reported as measured concentrations, or nominal added plus measured background, where appropriate.  Q3 values are reported as nominal added plus nominal background.
	Species
	Taxonomic group
	NOEC @             0.2 mg/L DOC
	NOEC @            0.5 mg/L DOC
	NOEC @             2.0 mg/L DOC

	Spisula solidissima
	Mollusca
	1.2
	2.1
	5.0

	Eudistylia vancouveri
	Annelida
	1.5
	2.6
	6.0

	Echinometra mathaei
	Echinodermata
	1.5
	2.6
	6.1

	Isognomon californicum
	Mollusca
	1.5
	2.6
	6.1

	Prorocentrans micans
	Microalgae
	1.5
	2.6
	6.1

	Scrippsiella faeroense
	Microalgae
	1.5
	2.6
	6.1

	llyanassa obsoleta Say
	Mollusca (gastropoda)
	1.8
	3.2
	7.4

	Synechococcus sp.
	Microalgae
	2.2
	3.9
	9.2

	Mytilus edulis
	Mollusc
	2.3
	4.0
	9.4

	Allorchestes compressa
	Amphipod
	2.3
	4.1
	9.5

	Chaetoceros sp.
	Microalgae
	2.3
	4.1
	9.6

	Hydra littoralis
	Coelentherata
	2.3
	4.1
	9.6

	Pandalus danae
	Crustacea
	2.4
	4.2
	9.9

	Saccostrea commercialis 
	Mollusca
	2.4
	4.2
	9.9

	Macrocystis pyrifera
	Macroalgae
	2.4
	4.3
	10.0

	Placopecten magellanicus
	Mollusc
	2.4
	4.3
	10.0

	Argopecten irradians
	Mollusca
	2.5
	4.4
	10.2

	Campanularia flexuosa
	Coelentherata
	2.6
	4.5
	10.5

	Crassostreas gigas
	Mollusc
	2.6
	4.5
	10.5

	Gymnodinium splendens
	Microalgae
	2.7
	4.7
	11.1

	Cancer anthonyi
	Crustacea
	2.8
	5.0
	11.7

	Mytilus galloprovincialis
	Mollusc
	2.9
	5.1
	12.0

	Paracentrotus lividus
	Echinoderm
	3.0
	5.3
	12.4

	Phaeodactylum tricornutum
	Diatom
	3.2
	5.6
	13.1

	Goniastrea aspera
	Cnidaria
	3.5
	6.1
	14.2

	Tisbe battagliai
	Crustacea
	3.6
	6.3
	14.7

	Artemia franciscana
	Crustacea
	3.9
	6.8
	15.8

	Chlamydomonas bullosa
	Microalgae
	4.0
	7.0
	16.3

	Laminaria saccharina
	Macroalgae
	4.1
	7.2
	16.8

	Acropora tenuis
	Cnidaria
	4.2
	7.4
	17.3

	Prototheca staminea
	Mollusc
	4.4
	7.7
	18.0

	Mercenaria mercenaria
	Mollusc
	4.4
	7.8
	18.2

	Fucus vesiculosis
	Macroalgae
	4.4
	7.8
	18.3

	Tisbe furcata 
	Crustacea
	4.6
	8.2
	19.1

	Cirriformia spirabrancha
	Annelida
	5.1
	9.0
	21.1

	Neanthes arenaceodentata
	Annelid
	6.9
	12.2
	28.5

	Eirene Viridula
	Hydroids
	7.6
	13.3
	31.1

	Crassostrea virginica
	Mollusca
	7.7
	13.4
	31.4

	Penaeus mergulensis
	Crustacea
	8.0
	14.1
	33.0

	Lobophytum compactum
	Cnidaria
	8.8
	15.4
	36.0

	Mysidopsis bahia
	Crustacea
	9.3
	16.2
	38.0

	Gammarus duebeni
	Crustacea
	11.4
	20.0
	46.7

	Eurytemora affinis
	Crustacea
	12.4
	21.8
	51.1

	Atherinopsis affinis
	Fish
	14.4
	25.2
	59.0

	Aiptasia
	Cnidaria
	17.0
	29.9
	70.0

	Phyllodoce maculata
	Annelida
	17.3
	30.4
	71.1

	Ciona intestinalis
	Ascidian
	18.1
	31.7
	74.2

	Cyprinodon variegatus
	Fish
	19.4
	34.0
	79.5

	Skeletonema costatum 
	Microalgae
	22.0
	38.6
	90.3

	Pecten maximus
	Mollusca
	22.5
	39.6
	92.6

	Palaemonetes pugio
	Crustacea
	24.6
	43.2
	101.1

	Busycon canaliculatum
	Mollusca (gastropoda)
	25.1
	44.0
	103.0

	Nitzschia thermalis
	Microalgae
	25.3
	44.5
	104.1

	Penaeus monodon
	Crustacea
	35.3
	61.9
	145.0

	Callianassa australiensis
	Crustacea
	43.8
	76.9
	180.0

	Elminius modestus
	Crustacea
	48.5
	85.0
	199.1

	Capitella capitata
	Polychaete
	49.0
	85.9
	201.1

	Nereis diversicolor
	Polychaete
	59.1
	103.7
	242.9

	Thallasiosira weisflogii
	Microalgae
	77.7
	136.3
	319.0

	Echinogammarus perlotti
	Crustacea
	82.7
	145.0
	339.5

	Dunaliella minuta
	Microalgae
	106.4
	186.7
	437.2

	Ctenodrilus serratus
	Polychaete
	122.0
	214.0
	501.1

	Prorocentrum minimum
	Microalgae
	154.0
	270.2
	632.5

	Carcinus maenas
	Crustacea
	229.1
	401.9
	941.0

	Ophryotrocha diadema
	Polychaete
	243.7
	427.6
	1001.1

	Palaemon elegans
	Crustacea
	251.1
	440.5
	1031.4

	Dunaliella salina
	Microalgae
	262.4
	460.4
	1077.8

	Artemia salina Linn
	Crustacea
	552.8
	969.9
	2270.6

	Dunaliella tertiolecta
	Microalgae
	769.4
	1350.0
	3160.5


3.2.7.5.2.2 Normalized SSDs derivation for the Q1 NOECs

3.2.7.5.2.2.1 Statistical Analysis

As described above, Statistical analysis is undertaken using the BestFit software (Palisade Inc.).  BestFit ranks all the fitted distributions using one or more fit statistics.  For continuous sample data, there are options to choose to rank fits by their chi-squared statistic, Kolmogorov-Smirnov statistic or the Anderson-Darling statistic.  

The datasets for analysis are log-transformed, and multiple distributions are analysed using the BestFit software.  This returns a ranking for the distributions based upon the three statistics, which provides information on how well the distribution fits the dataset.  The HC5 value is estimated as the 5th percentile of the distribution.  An example of the analysis for the Q1 dataset, the overall ranking and the derived HC5 values is presented in the following table.

For completeness, the data are also analysed using the ETX model.  This model log-transforms the dataset, and fits a single Normal distribution to the log-transformed values, returning the HC5-50 value.  For comparison of the two approaches, this value derived from the ETX program is the equivalent of the “Normal” result derived from the BestFit program. 
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The ETX program also performs three Goodness of Fit tests; Cramer von Mises statistic, Kolmogorov-Smirnov statistic or the Anderson-Darling statistic.  The Log Normal analysis was a marginal pass for the Anderson-Darling statistic (failed at 0.1; pass at 0.05), and failed the Cramer von Mises and Kolmogorov-Smirnov analysis for Normality. 

From the data presented above, and the marginal pass assessment derived from ETX, it is clear that the selection of a Normal distribution to fit the Log-transformed data (ie. The approach taken in the ETX program) does not as accurately reflect the observed distribution of the data set.  This is reflected in the observation that the top 4 fitting distributions, which all have an A-D statistic <0.4, return HC5 values very close to each other, and as the A-D statistic increases (ie. the fit gets worse), the HC5 value increase in variability.

From the fit statistics returned by the distribution analysis for the best fitting distribution, the HC5-50 is calculated and reported.  For the sake of pragmatism, the HC5-50 value returned by ETX is also reported. 

3.2.7.5.2.2.2 SSD for the scenario DOC = 0.2 mg/l
The normalized species sensitivity distribution of the Q1 NOECs, based on the best fitting approach for the ‘0.2 mg/l DOC’ scenario are presented in Figure 3‑16 and Figure 3‑17.  The log-normal fitting was rejected in 2 of the 3 Goodness of Fit-tests in the ETX model (p = 0.05).
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Figure 3‑16: The cumulative frequency distributions of the normalised species mean NOEC values from the Cu toxicity tests in the dataset of marine organisms for the DOC scenario of 0.2 mg/l. Observed data log extreme curve (best fitting curve) for the dataset fitted on the data
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Figure 3‑17: The cumulative frequency distributions of the normalised species mean NOEC values from the Cu toxicity tests in the dataset of marine organisms for the DOC scenario of 0.2 mg/l.  The Log normal distribution was fitted on the data.  The log-normal fitting was rejected in 2 of the 3 Goodness of Fit-tests in the ETX model (p = 0.05).
3.2.7.5.2.2.3 SSD for the Scenario DOC = 0.5 mg/l

The species sensitivity distribution based on the best fitting approach for the ‘0.5 mg/l DOC’ scenario are presented in Figure 3‑18 and Figure 3‑19.  The log-normal fitting was rejected in 2 of the 3 Goodness of Fit-tests in the ETX model (p = 0.05).
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Figure 3‑18: The cumulative frequency distributions of the normalised species mean NOEC values from the Cu toxicity tests in the dataset of marine organisms for the DOC scenario of 0.5 mg/l. Observed data and data log extreme curve (best fitting curve) for the dataset fitted on the data
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Figure 3‑19: The cumulative frequency distributions of the normalised species mean NOEC values from the Cu toxicity tests in the dataset of marine organisms for the DOC scenario of 0.2 mg/l. The Log normal distribution was fitted on the data.  The log-normal fitting was rejected in 2 of the 3 Goodness of Fit-tests in the ETX model (p = 0.05).
3.2.7.5.2.2.4 SSD for the Scenario DOC = 2.0 mg/l

The species sensitivity distribution based on the best fitting approach for the ‘2.0 mg/l DOC’ scenario is presented in Figure 3‑20 and Figure 3‑21.  The log-normal fitting was rejected in 2 of the 3 Goodness of Fit-tests in the ETX model (p = 0.05).
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Figure 3‑20: The cumulative frequency distributions of the normalised species mean NOEC values from the Cu toxicity tests in the dataset of marine organisms for the DOC scenario of 2.0 mg/l. Observed data log extreme curve (best fitting curve) for the dataset fitted on the data
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Figure 3‑21: The cumulative frequency distributions of the normalised species mean NOEC values from the Cu toxicity tests in the dataset of marine organisms for the DOC scenario of 0.2 mg/l. The Log normal distribution was fitted on the data.  The log-normal fitting was rejected in 2 of the 3 Goodness of Fit-tests in the ETX model (p = 0.05).
3.2.7.5.2.2.5 HC5-50 for the normalized NOECs from Q1 data 

3.2.7.5.2.2.5.1 Using parametric statistics
Using statistical extrapolation, best fitting HC5-50 values were calculated for the three DOC scenario’s using the Palisade software.  Values for the Log-Normal distribution, HC5-50 have been calculated using the ETX software (Table 3‑22).  However, the Log-Normal fitting was rejected in 2 of the 3 Goodness of Fit tests for all scenarios tested.
Table 3‑22: Median 5th percentile values for the DOC-normalised Q1 toxicity data in the marine ecosystem. All values in µg/l. 
	Scenario
	HC5 at 50th % confidence limit (µg/l) using the best fitting distribution
	HC5 at 50th % confidence limit (µg/l) using the log-normal distribution (ETX)

	DOC = 0.2 mg/l
	1.3 µg l-1
Log Extreme 
	1.1 µg l-1 

Marginal (p = 0.05)

	DOC = 0.5 mg/l
	2.2 µg l-1
Log Extreme
	1.9 µg l-1 

Marginal (p = 0.05)

	DOC = 2.0 mg/l
	5.2 µg l-1
Log Extreme
	4.4 µg l-1

Marginal (p = 0.05)

	
	
	


As mentioned in Section 3.6.3.2.1, the BestFit program returns values from multiple analyses against various distributions.  The Best Fit is recommended for the derivation of a NOEC value, however it is appropriate to analyse the non-rejected distributions.  The non-rejected values, along with their A-D goodness of fit statistics are reported in Table 3‑23 

Table 3‑23: Non-rejected HC5-50 values, along with their A-D goodness of fit statistics
	Parametric
	HC5-50 (ug/l)
	A-D

	ExtremeValue
	5.2
	0.36479

	Pearson6
	5.1
	0.37393

	Pearson5
	5.2
	0.37664

	InverseGaussian
	5.0
	0.38640

	Gamma
	4.6
	0.44672

	Erlang
	4.6
	0.44836

	Logistic
	3.3
	0.70145

	Normal
	4.4
	0.71309

	Weibull 
	3.1
	0.76411

	Beta
	4.8
	0.87216

	Triang
	5.7
	0.92807


The arithmetic and median values of the combined non-rejected HC5-50 values are 4.6 µg l-1 and 4.8 µg l-1  Using a simplistic weighting procedure based upon the A-D statistic, the weighted average HC5-50 value is 4.7 µg l-1.  

3.2.7.5.2.2.5.2 Using semi- parametric statistics

As described in the Technical memo NickelGOF01.doc, 1st Draft, Dec. 2007 “Comments on Distribution Fitting of Species Sensitivity Distributions in EU Risk Assessment Reports (with special emphasis on Nickel compounds)” by Aldenberg, T. (RIVM, Bilthoven, NL) the Q1 data were assessed with kernel density estimation. (Silverman, 1986, Scott, 1992). These methods are semi-parametric, hence rendering GoF not-applicable.  While this methodology is not that recommended by the Technical Guidance, it is considered in the interests of completeness.  

The Q1 SSD is presented in Figure 3‑22.  The Q1 HC5-50 values derived using Flexible Kernel Density Estimation are presented in Table 1-23
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Figure 3‑22 : The cumulative frequency distributions obtained from the Flexible Kernel Density Estimation using  the normalised species mean NOEC values from the Cu toxicity tests in the dataset of marine organisms for the DOC scenario of respectively 0.2; 0.5 and 2.0 mg/l. 

Table 3‑24: Median 5th percentile values for the DOC-normalised toxicity data in the marine ecosystem derived using Flexible Kernel Density Estimation.  HC5-50 values; HC5-50 valuesfrom best fitting distribution between brackets. 
	
	HC5 at 50th % confidence limit (µg/l) using Flexible Kernel Density Estimation (Best Fit values in brackets for comparison)

	Scenario
	0.2 mg/l DOC
	0.5 mg/l DOC
	2.0 mg/l DOC

	Q1 data set
	1.4 µg l-1

(1.3 µg l-1)
	2.1 µg l-1

(2.2 µg l-1)
	4.8 µg l-1

(5.2 µg l-1)


3.2.7.5.2.3  Sensitivity analysis of the HC5/PNEC derivation marine waters
3.2.7.5.2.3.1 NOEC values below the HC5-50

Comparison of the normalised Q1 species-specific NOECs (Table 3‑19) with the HC5-50 values, performed for the 2 mg DOC/l scenario (Table 3‑22), shows that one species has a NOEC below the Best fit HC5-50 value of 5.2 µg Cu/l: Phaeodactylum tricornitum with an NOEC of 4.4 µg Cu/L. The lowest NOEC (4.4µg Cu/L) is only a factor of 1.2 below the HC5-50 value (5.2 µg Cu/l), derived with the best fitting.  The same NOEC is also slightly below (factor 1.1) the HC5-50 of 4.8 µg Cu/L, obtained from the Flexible Kernel Density Estimation

Having one NOEC below the HC5-50 is thus merely a statistical phenomenon related to the large number of species in the database (24 species).   

3.2.7.5.2.3.2 Only using “filtered seawater 

As already mentioned, for most of the Q1 datapoints retained in this report, the authors have reported that the seawater was filtered. Ahsanullah, 1995 (data for Penaeus mergulensis and Penaeus monodon) and Roeisjade 1980 (data for Prothotheca staminea) did however not report if the seawater was filtered.  Young, 1979 (data for Panadlus danae) reported that unfiltered seawater was used for the ecotoxicity tests. A sensitivity analysis was therefore carried out, excluding the NOECs (EC10s) from these tests.  Using the remaining 20 species-specific NOECs, at 2 mg DOC/L, an HC5-50 of 4.8 µg Cu/L was derived using the Best fitting distribution and 4.5 µg Cu/L using the log Normal distribution.  The statistical analysis of the “filtered data-set” showed that the Log Normal analysis was accepted for the Anderson-Darling statistic and the Cramer von Mises test but failed the Kolmogorov-Smirnov analysis for Normality (p=0.05).  The obtained HC-50 values are very similar to the ones obtained for the full Q1 data-set and the full Q1 dataset was retained for further discussions.
3.2.7.5.2.3.3 Inclusion of lower/poor quality data

Based upon the data review, the endpoints presented as of lower reliability (Q2) have also been analysed to describe the effect of their inclusion on the derived PNEC values.  Estimates of DOC and background copper concentrations were performed as previously described, and the datasets combined.  Geometric mean values of the endpoints were calculated (Table 3‑20) and PNECs derived at 2.0 mg l-1 to provide comparative data (Figure 3‑23 and Figure 3‑24).  Values for the Log-Normal distribution, HC5-50 have been calculated using the ETX software.  However, the Log-Normal fitting was rejected in all Goodness of Fit tests.
The most sensitive normalised Q3 NOECs from Table 3‑21 were further compared with the Q1 HC5-50 values in order to evaluate if sensitive groups have been eliminated by the Q1/Q2 data screening procedure.
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Figure 3‑23: Cumulative frequency distributions of the normalised species mean NOEC values from the Cu toxicity tests in the Q1 and Q2 dataset of marine organisms for the DOC scenario of 2 mg/l. Observed data and Pearson V distribution curve (best fitting curve) for the dataset fitted on the data
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Figure 3‑24: The cumulative frequency distributions of the normalised species mean NOEC values from the Cu toxicity tests in the dataset of marine organisms for the DOC scenario of 2 mg/l. The Log normal distribution was fitted on the data.  The log-normal fitting was rejected in all Goodness of Fit-tests in ETX (p = 0.05).
Using statistical extrapolation, Q1+Q2 HC5-50 values were thus derived and compared to the Q1 HC5-50 values (Table 3‑25).  Values for the Log-Normal distribution have been calculated using the ETX software;

Table 3‑25: Median 5th percentile values for the DOC-normalised toxicity data in the marine ecosystem 
	Scenario
	HC5 at 50th % confidence limit (µg/l) using the best fitting distribution
	HC5 at 50th % confidence limit (µg/l) using the log-normal distribution

ETX software

	Q1 data set
	5.2 µg l-1
Pearson VI
	4.4 µg l-1

Marginal (p = 0.05)

	Q1 + Q2 data sets
	5.8 µg l-1
Pearson V
	2.6 µg l-1 

Rejected (p = 0.05)


Comparison between the Q1 and the Q1+Q2 HC5-50 values derived from the best fitting distributions and ETX log normal distributions show a remarkable agreement between the two datasets, when assessing the Best Fit curves.  The rejection of the Log Normal fit makes interpolation of these data less robust.   HC5-50 value range between 5.2 µg  (Q1) and 5.8 µg Cu/L (Q1+Q2) for the best fitting distributions. 

Comparison of the Q1+Q2 species-specific NOECs (Table 3‑20) with the Q1 HC5-50 values, performed for the 2 mg DOC/l scenario (Table 3‑22), shows that, as for the Q1 NOECs, only one species has a NOEC below the Best fit HC5-50 value of 5.2 µg Cu/l: Phaeodactylum tricornitum with an NOEC of 4.4 µg Cu/L.  The lowest NOEC (4.4 µg Cu/L) is only a factor 1.2 below the HC5-50 value (5.2 µg Cu/l) derived with the best fitting and is thus merely a statistical phenomenon related to the large number of species in the database (40 species in the Q1 and Q2 dataset).  

Comparing the HC5-50 values with the NOECs obtained from the Q1+Q2+Q3 dataset shows that the species (geometric) mean NOEC values for the most sensitive endpoints have increased: 
· for Phaeodactylum 4.4 µg l-1 (Q1 only) to 13.1 µg l-1 (all data) 
The species-specific NOEC is therefore no longer below the HC5-50 values derived from the Q1 & Q2 datasets.  The HC5-50 derived for the Q1+Q2+Q3 data-set using the best fitting distribution is 5.7 µg Cu/L.  The HC5-50 for the Q1+Q2+Q3 data-set using the log-normal distribution (ETX software) was rejected.
The Q3 data-set increases the number of NOECs to 122 and the number of species from 40 species (Q1+Q2 data) to 69 species.  The Q3 dataset includes 68 species-mean NOECs above the Q1 HC5-50 and one species-specific NOECs under the Q1 best-fitting HC5-50 values. 
· Nelson et al., 1988 also reports for Spisula solidissima, a mollusc (NOEC of 5 µg Cu/l), falls slightly below the HC5-50 – best fitting distribution.  Useful to mention that in Nelson et al., 1988 Spisula solidissima control mortality was reported.  

The comparison between the Q1 & Q2 & Q3 datasets therefore adds robustness to the Q1 HC5-50 values.  

3.2.7.5.2.3.4 Impact of DOC quality
In order to assess the importance of the 0.5 correction factor for DOC, a sensitivity analysis has been undertaken with the Q1 dataset, and HC5s derived.  The following assumptions were addressed;

· 2 mg total DOC, corresponding to 0.6 mg active DOC (30% active humic acids)

· 2 mg total DOC,  corresponding to 1.4 mg active DOC (70% active humic acids)

The two assumptions aim at covering a realistic range of DOC activity and are based on the assessment on DOC origin and DOC characteristics  (see section 1.3.4, Ferrari et al., 2000, Vignudelli et al., 2004), Obernoster and Herndl , 2000). 

The following HC5 and HC5-50 values were returned using the Best Fit and Lognormal (ETX) programmes:

	
	Best Fit HC5 (µg l-1)
	Best Fit HC5-50 (µg l-1)
	ETX HC5-50 (µg l-1)

	2.0 mg/l DOC, 30% active
	7.2
	6.0
	5.5 (Rejected)

	2.0  mg/l DOC, 70% active
	4.9
	4.3
	3.6 (Rejected)


As an additional test for the protective assumption that only 50% of the natural DOC is active, the following assessment was undertaken;

The DOC correlation is based on datasets covering 6 species, four of which were tested in natural seawater only, the other two of which were tested in natural seawater plus different levels of Humic Acid, to simulate higher DOC.  These two data sets were removed from the correlation estimation, and a new correlation derived based only on natural DOC.  The correlation is NOEC = DOC0.6213 vs DOC0.6136 for the 6 combined species.

Results from the Q1 dataset which were based on natural DOC plus added DOC were removed from the overall dataset – since these experiments also included exposure undertaken with no added DOC, this did not reduce the size of the dataset, but ensured that all of the endpoints in the modified dataset were based on natural DOC only. The NOEC values were then recalculated based on DOC making no assumptions of an active fraction, which returned a Best Fit HC5 of 6.1 µg l-1.  The Best Fit HC5 (ie. the value for the Q1 dataset assuming 0.5 active DOC before bootstrapping for derivation of the HC5-50) was 5.9 µg l-1.  The value derived making no assumptions of DOC activity is therefore less protective than the result carried forward for the derivation of the HC5-50, therefore, it can be concluded that the estimation of a DOC active fraction of 0.5 is protective in the derivation of an HC5-50.

It has further been suggested that Q1, Q2 and Q3 NOECs might be over-estimated due to background and DOC estimations as most coastal DOC levels are > 2 mg DOC/L.. The HC5 for the data-set with “Q1 - measured DOC values only” were therefore calculated, resulting in an HC5 of 5.4 ug/l, compared to an HC5 for all NOECs (measured and estimated DOC values used) of 5.7 µg Cu/L.  These values are thus very comparable – another demonstration of the robustness of the data.
3.2.7.5.2.3.5 Impact of choice of default background values (Q2 and Q3 data) 
In assessing the impact of the selection of a background value for copper (section 3.5.2), it is important to note that since the final HC5-50 is based upon Q1 data with measured concentrations, the inclusion of the background value for lower quality data is pragmatic, based upon monitoring data, and does not influence the final HC5-50.  If one would choose the median of the coastal zone  copper concentration (0.6 instead of 1.1 µg Cu/L), the  maximum change in Q1+Q2 or Q1+Q2+Q3 HC5-50 that this may induce is the following: the Q1+Q2  HC5-50 may change from 5.8 to 5.3 µg Cu/L, the Q1+Q2+Q3 HC5-50 may change from 5.7 to 5.2 µg Cu/L, therefore both HC5-50s are thus still comparible with the Q1 HC5-50 (5.2 µg Cu/L), such a change will thus not change the risk conclusions.   

Conclusions from the single species NOECs
Table 3‑26 provides an overview of the HC5-50 values derived with marginal or acceptable goodness of fit.  

Table 3‑26     Summary of the HC5-50s derived  with marginal or accepted Goodness of fits.  
	 
	Goodness of fit
	HC5-50 (µg Cu/L)

	All Q1 NOECs -Best Fit 
	OK
	5.2

	All Q1 NOECs - Log normal 
	Marginal
	4.4

	All Q1 NOECs – Kernel density
	OK
	4.8

	
	
	

	All Q1 + Q2 NOECs - Best Fit
	OK
	5.8

	
	
	

	All Q1 + Q2 + Q3 NOECs - Best Fit
	OK
	5.7

	
	
	

	Q1 NOECs Filtered only -Best Fit 
	OK
	4.8

	Q1 NOECs Filtered only - Log Normal 
	Marginal
	4.5

	 
	 
	 

	All Q1 NOECs 30% active - Best Fit
	OK
	6.0

	All Q1 NOECs 70% active - Best Fit
	OK
	4.3


From all Q1 data a robust HC5-50 between 4.4 and 5.2 µg Cu/l, depending on the distribution curve used can be derived.  The log- normal curve fittings were rejected on 2 of the 3 Goodness of Fit tests within ETX and therefore the value of 5.2 µg Cu/L, using all Q1 data, is considered as a most robust parametric HC5-50 value.  The HC5-50 from the semi-parametric kernel density estimation returns an HC5-50 of 4.8 µg Cu/L. 
The sensitivity analysis performed using a more limited data-set or including Q2 and Q3 data returned similar HC5-50 values, ranging between 4.3 and 6.0 µg Cu/L 
Considering all HC5-50s, an average HC5-50 value of 5.1 µg Cu/L is derived from Table 3‑26. The weight of evidence analysis therefore adds value to the HC5_50 derived from the best fitting distribution and the latter (5.2 µg Cu/L) was therefore retained as a basis for the marine PNEC.
Useful to mention that only one species-specific Q1 NOECs (4.4 µg Cu/L for Phaeodactylum) falls around or below the HC5-50s derived . The ratio of all data Q1 HC5-50 values (4.4 to 5.2 µg Cu/L)/ Q1 lowest NOECs is  < 1.2 and does not warrant the need for an additional assessment factor.  
3.2.7.6 Semi-Field and Field Studies
Considering the quality criteria for mesocosm studies, agreed under the freshwater chapters, no high quality studies (Q1) were found from literature.  Some useful Q2 studies have however been retrieved from the literature review.

-Gustavson (1999) investigated the effect of copper to coastal phytoplankton communities in 6 m3 enclosures over 15 days.  Unfortunately this study can not be considered as a high quality study as no replicated were used in the doses, being one of the QC agreed upon for the freshwater mesocosm studies. The results are discussed based on nominal concentrations, however concentrations were measured and the 6 µg l-1 concentration averaged out at 7.2 µg l-1 over the observation period, with the original dosing concentration reported as 8.0 µg l-1.  The observed effects were primarily interim and thus the exposure concentration which caused the observed reductions in photosynthesis were probably nearer 8.0 µg l-1, rather than the widely reported 6.0 µg l-1 value.  The following conclusions were drawn from the study:
The photosynthetic activity was significantly lower at 15 µg Cu/l (p<0.05), indication that the NOEC was the (mean measured) 7.2 µg l-1 exposure concentration.  The observed effects on photosynthetic activity is only temporal and the initial effects observed at 15 µg Cu/L may be related to the fact that (1) copper was dosed, without pre-equilibration and/or (2) acclimation of the organisms.  
The chlorophyll concentration in the enclosures was not affected by the addition of copper at any concentration.
The POC/PON ratio was not affected by the addition of Copper and no time trend was observed.
Species diversity and composition was adversely affected at the 15 µg Cu/l exposure and thus a threshold value of 7.2 µg l-1 exposure concentration can be derived.  

Copper tolerance was measured four times during the experiment, and EC50s for phytoplankton in the enclosures was measured.  Copper tolerance data are less useful for an essential element such as copper because of the copper homeostasis mechanisms (acclimation, not necessarily adaptation).  The concentration which showed the most remarkable increase in tolerance over the exposure period was the control vessel, as shown in Figure 7 (below), copied from the original paper (Figure 3‑25).  At the highest concentration tested, the community started off with a high tolerance, which reduced over days 8, 10, only to increase again by day 15.  As no replicates were used these data are hard to interpret.  Please note that the actual EC50 values (photosynthesis) are very high (>400 µg Cu/L).  Based upon the marked increase in tolerance in the controls over the exposure period, the relevance of this endpoint is questioned. The author shows statistical significance (p<0.05) at 1 µg l-1, whereas the 3 µg l-1 is not statistically significant (p<0.05) from the Control, indicating that although statistically the 1 µg l-1 can be considered different to the Control, there is little confidence in the dose-response observed.  

[image: image30.emf]
Figure 3‑25: Copper tolerance of phytoplankton communities as a function of the copper exposure levels and time.
If the data are presented as a correlation between PICT and concentration, and the temporal variation is expressed with error bars (Figure 3‑26), the data may be considered as indicating that there is a significant effect on community tolerance at 1.1 µg l-1.  However, the obvious lack of dose response between the 1 µg l-1 and the 3 µg l-1, and the 6 and the 15 µg l-1 dosed concentration would indicate that the significance of the observed effect is not concentration related.   
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Figure 3‑26: Relationship between copper exposure and mean copper tolerance of phytoplankton communities for all days.

In a review of procedures and approaches used for assessing PICT in biotic communities (Blanck, 2002) discusses critical aspects of PICT studies.  The author highlights the importance of a good understanding of the baseline tolerance, and concludes that without a proper determination of baseline tolerance, both field and experimental ecosystem PICT studies are inconclusive.  The lack of the critical understanding of baseline tolerance in the Gustavson study is apparent in the dramatic changes over time in the control systems (note the Log scale), showing that if the Control community (exposed to constant levels of copper) can increase so dramatically over time, the interpretation of responses from exposure data should be undertaken with caution, particularly since no replication was included to improve confidence in the reported data.  It has been suggested that variation over time in the control is not surprising since phytoplankton communities are dynamic and species composition fluctuates naturally over time.  However what is surprising, is that of all the communities being investigated for increases in tolerance to copper, the community which shows the most obvious step change is the control being exposed to no additional copper than the population community it was subsampled from.  It would be more plausible to see increases and decreases in the control if it was indeed a natural fluctuation.

Blanck (2002) uses the example of Gustavson et al. 1999 to support the following statement; “For instance, if a PICT study of copper is run with a copper-affected community from a previously copper-contaminated environment, the effect threshold detected by PICT will be too high and unrealistic for use in risk assessment. One will actually conclude that the ecosystem is just at the limit of being affected. This was the case for arsenate in lake Sormogen (Wangberg et al. 1991), zinc in the river Gota alv (Paulsson et al. 2000) and copper in Danish coastal environments (Gustavson et al. 1999), suggesting that these metals might already be structuring factors in the source ecosystems.”  
Blanck (2002) also mentioned that the results from the PICT analysis are to be validated by community endpoints such as biomass, species richness and similarity indices.  As community based endpoints were not seen below 7.2 µg Cu/L, the PICT data below that level can not be considered as validated.   
When elaborating further in the comparison between the PICT endpoint and the “community” endpoints it is useful to mention that  PICT is used for the detection of minor effects of toxicants in biotic communities. Organisms survive in toxic environments only if they are tolerant to the chemicals present in their habitat. In the selection phase, toxicants hinder the success of sensitive individuals and species and replace them by more tolerant ones. The resulting increase in community tolerance is quantified in the detection phase by short-term toxicity tests.  Implicit in the principle of PICT, therefore, is a shift in population dynamics, where more sensitive organisms are replaced by more tolerant organisms.  Population data presented in Gustavson only show such a population shift at the highest tested concentration, 15 µg l-1 (nominal Cu).  It has been shown in many different peer-reviewed articles that microalgae produce phytochelatins in response to the presence of copper, either to enable sequestration of the essential element, or to detoxify excess material.  Therefore, in the PICT study, those systems exposed to higher levels of copper are expected to be higher in phytochelatin concentration.  In order to run the tolerance tests, water from the individual systems were taken for testing, which would included algae plus the higher levels of phytochelatins.  One possible explanation for the increasing EC50s over time is as follows: The algae in the higher copper systems would be “effected” simply in that phytochelatin synthesis would already be active, which is not an “adverse effect”, but when exposed to higher levels of copper, they would be in a better position to produce more phytochelatins. Since it has been conclusively shown that copper toxicity is reduced by phytochelatin/DOC concentration, short term toxicity tests run in those systems will return higher EC50 values due to the reduced availability rather than an induction of community tolerance through change in community structure.  Alternatively, the increase in tolearance could be ascribed to an physiological adaptation (= decreased uptake, increased elimination and/or initiation of detoxification mechanisms as demonstrated for freshwater algae and invertebrates - see copper freshwater effects chapter).  Such acclimation responses are not to the ecological relevant TIS to be evaluated under PICT (discussed in Blank et al., 2002 p 1004) and were not considered as ecological relevant in the freshwater chapter.  Blanck (2002,  - p 1017)  indeed mentions this difficulty in PICT interpretation, since all organisms, including sensitive species, as shown by the similar diversity up to 7.2 µg l-1, are not affected.
Therefore, on review of the Gustavson paper, the only parameter where the (mean measured) exposure concentration at 7.2 µg l-1 was affected significant to the control was PICT.  Given the comments made above, this endpoint should be considered as unreliable in terms of risk assessment, and the overall NOEC for the Gustavson community study can be considered to be 7.2 µg l-1 mean measured.  Normalising to 2 mg l-1 DOC, this is equivalent to a NOEC of 3.1 µg l-1 and a LOEC of 5.8 µg l-1.  This Q1 HC5-50 values (4.4 µg -5.2 Cu/L, depending on the chosen distribution) from the single species Q1 studies is thus situated between the NOEC and LOEC derived for this Q2 multi-species study.  

- Lehman (2004) used an interesting experimental design in field surveys and bioassays, which make the results challenging to interpret.  Phytoplankton toxicity is reported with the addition of copper at 2 µg l-1. The study had however major weaknesses as copper levels were not measured, no dose-response relationship was observed and effects were related to a combination of exposures with Cd, Pb and Tl at 1 µg l-1. 

- Wängberg (1995) investigated the effect copper concentrations had on phytoplankton communities in Malaren and the Baltic sea. The tolerance for copper was measured in short-term photosynthesis experiments. In no cases were the communities from locations with increased copper concentrations more tolerant than control communities, without increased copper concentrations, when sampled at the same day. In the Baltic strong changes in tolerance over the year were found. These changes were not correlated with differences in copper concentrations but were, probably, due to season dependent changes in species composition and water quality.

- Silva (2006) performed enclosure experiments with sediments contaminated with copper and/or oils. In the copper only exposures, copper levels in sediments ranged between 1095 (low dose) and 2190 (high dose) mg/kg sediment. The study showed that higher copper levels copper influenced the phytoplankton species richness and biomass but did not influence the assemblage diversity. The authors observed high resistance of cyanobacteria species. The meiofauna (mainly copepods and nematodes) was not affected by the copper exposures.  

- Gibson & Grice, 1977 studied zooplankton abundance and species composition in Controlled Experimental Ecosystems (CEEs), nominal copper concentrations of 5, 10, and 50 µg l-1 were tested. The abundance of zooplankton was significantly reduced at 50 µg l-1 Cu . The Bolinopsis sp. populations demonstrated however a growing population at increased copper levels.  Results in 5 and 10 µg l-1 CEEs were not significant or not conclusive.  Background measurements were not performed, and on perturbation of all CEEs (including controls) there was a >80% drop in taxonomic abundance, making statistical interpretation of the data difficult.  For these reasons, this study is graded as Q3 multi-species test.
Some additional multi-species studies have focused on certain groups of organisms and are therefore described under the section 1.7.3.  These studies are:
- Johnston et al, (2003) studied the recruitment of epifauna to settlement plates 

- Webster et al. (2001) investigated the microbial communities associated with the sponge Rhopaloeides odorabile.  

- Piola and Johnston (2006) tested the tolerance of 4 introduced bryozoans, Bugula neritina, Watersipora subtorquata, Schizoporella errata and Tricellaria occidentalis

- Stark, J.S. (1998) investigated the effects of copper on macrobenthic assemblages in soft-sediments. 
- The effects of exposures on the anemone-algal symbiosis (Anthopleura elegantissima, and its dinoflagellate-algal symbiont Symbiodinium muscatinei) were determined by Mitchelmore et al (2003).  

None of these studies described in details below, indicated sensitivities below the Q1 HC5-50s derived.

3.2.7.7 Uncertainty analysis

The use of statistical extrapolation 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, for the freshwater compartment, 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 1 and 5, to be judged on a case by case basis. Based on the available chronic NOEC data for the marine environment, the following points were 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 using relevant endpoints;

The marine Cu-database covered only ecological relevant endpoints. The selected endpoints were all very relevant for potential effects at population level: mortality, reproduction, hatching, growth, spawning frequency, and abnormalities.

Covering ‘chronic’ exposure times or relevant exposure periods for sensitive life-stages are also achieved for all trophic levels in the Q1 Cu database. The exposure time for macro-algae was between 14 to 19 days. For the invertebrates, exposure times from 24 hours (embryo exposure) to >42 days (mortality, development), and for fish, exposure times of up to 32 days in an embryo-larval early life stage test were reported.

Sensitive life stages were covered in the Q1 database. All fish experiments were performed with eggs, embryo or embryo-larval stages. Chronic tests with crustaceans/molluscs were initiated with larvae or juveniles, while most of the tests with echinoderms were performed with young organisms (e.g. larvae).  From the chronic tests using polychaetes, larvae were used for initiating the tests with Neanthes arenaceodentata. All tests using macro-algae were initiated with very young life stages, i.e. zoosopores.

The diversity and representativeness of the taxonomic groups covered by the database
From the extracted data, it seems that the Cu-database does fulfil the requirement of 10-15 different NOEC values. Indeed, 51 individual high quality NOEC values resulting in 24 different species NOEC values were compiled from the database.

Representation of taxonomic groups

The Q1 database includes species from the 8 different taxonomic groups. High quality chronic NOEC values are available for 2 unicellular algal species (Phaeodactylum tricornutum; Skeletonema costatum), 2 macroalgal species (Macrocystis pyrifera; Fucus vesiculosus), 6 mollusc species (Mytilus edulis; Prototheca staminea; Crassostrea gigas, Mercenaria mercenaria, Mytilus galloprovincialis, Placopecten magellanicus), 1 annelid species (Neanthes arenaceodentata) 3 decapod (crustacean) species (Pandalus danae; Penaeus mergulensis; Penaeus monodon), 3 copepod (crustacean) species (Eurytemora affinis; Tisbe battagliai, Tisbe furtada), 1 arthropod (crustacean) species (Artemia franciscana) 1 echinoderm species (Paracentrotus lividus), 3 cnidaria species (Acropora tenuis, Goniastrea aspera, Lobophytum compactum)  and 2 fish species (Cyprinodon variegatus; Atherinopsis affinis). 

The Q1 +Q2 database contains 81 NOECs for 40 species, with additional NOECs for 5 species of microalgae, 2 species of molluscs, 1 ascidian, 1 annelida, 1 cnidaria and 6 species of invertebrates.

When Q1, Q2 and Q3 databases are combined, the copper database includes 122 NOECs for 69 species, including 14 species of microalgae, 3 species of macroalgae, 14 species of mollusc, 4 species of polycheate, 18 species of invertebrates, 4 species of cnidaria, 4 species of annelida, 2 species of Coelentherata, 2 species of echinoderm, 1 species of hydroid and 2 species of fish. 

In the ECETOC review on marine risk assessments (2001), it was concluded that the available data suggested a reasonable correlation between the ecotoxicological responses of freshwater and saltwater fauna, indicating there does not appear to be any marked difference in sensitivity between freshwater and saltwater fauna that systematically applies across all trophic levels considered.  Where evaluated, differences between trophic levels within each medium were generally as significant or even more marked than between freshwater and saltwater.  Average differences in sensitivity for paired species comparisons were typically within a factor of 2. Overall, the report concludes that the use of freshwater acute effects data in lieu of or in addition to saltwater effects data for risk assessment purposes is not contra-indicated by the empirical data reviewed. 

However, the report did indicate that there remained uncertainty in the sensitivity of additional faunal taxa which are either poorly represented in the standard freshwater taxa (eg annelida, mollusca) or not represented at all (eg. echinodermata, cnidaria).  This uncertainty has been addressed by an extensive literature search, undertaken specifically aimed at providing data (Figure 3‑27) that represent the species density in the marine environment (based on data presented in ECETOC 2001).

Figure 3‑27: The species density in the marine environment (based on data presented in ECETOC 2001).
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Data from the following taxa are included in the high quality data set that is the basis for the Q1 and Q2 SSD;

· Arthropoda - Crustacea

· Mollusca

· Echinodermata

· Vertebrata

· Annelida

· Urochordata

Additionally, data on the sensitivity of marine flora (Chromophycota, Bacillariophyceae) are included in the high quality data set.  
It can be noted that the Q1 database contains few chronic fish NOECs.  Information on acute toxicity shows that fish seem to be less sensitive then invertebrates or algae.  
· The Q1 data show that the fish are relative insensitive

· Deboeck et al., 2005, showed that spiny dogfish, Squalus acanthias (an elasmobranch being slightly hyperosmotic compared to the surrounding seawater) was affected by copper through homeostatic disturbance and effects were observed at Cu exposures at and above 500 µg.L-1.   The 48h LC50 for Cu on Mediterranean dogfish, Scyliorhinus canicula, was reported to be 4000 µg.L-1 (Torres et al, 1987). 
· Marine teleosts (being hyposmotic compared to the seawater) are even less sensitive, with reported 96h LC50 values of 2400 µg.L-1 for sea catfish (Arius felis), of 1140 µg.L-1 for sheepshead (Archosargus probatocephalus), of 5660 µg.L-1 for Atlantic croacker (Micropogan undulatus) and of 2750 µg.L-1 for pinfish (Lagadon rhomboides) (Steele, 1983a,b). Toadfish (Opsanus beta) are even more resistant with the 96h LC50 between 21600 and 36100 µg.L-1 (Grosell at al, 2004a). 
· The USEPA marine database also shows that invertebrates are relatively more sensitive than fish.
Because of the nature of the organisms in the remaining invertebrate taxa (Arthropoda – Insecta, Bryozoa, Urochordata, Coelenterata (Ctenophora, Cnidaria), Porifera, Platyhelminthes, Nematoda, Nemertina) and the paucity of data relating to their vulnerability to environmental pollution, data are not available with sufficient experimental confidence to allow their inclusion in the derivation of a Species Sensitivity Distribution.  Similarly, organisms in the eubacteria group (which includes cyanobacteria) are not covered in the high quality data set.

However, available data from Q3 single species data (nominal data and other issues (eg no background levels reported)  and field studies are presented which allow conclusions to be drawn with respect to relative sensitivity in respect of the species represented in the SSD, and the overall appropriateness of the SSD derived endpoints to protect the remaining taxa. 

The additional search on “unrepresented taxa”, further evaluated the protective nature of the derived HC5-50 value. 

Bryozoa (eg. sea mats);

1. Studies are described that examined the effect of experimentally elevated copper concentrations on the recruitment of epifauna to settlement plates (Johnston et al, 2003).  Dissolved copper concentrations created by the field dosing technique were between 20 – 30 µg l-1 for the first 2 days, but then dropped considerably for the following 4 days (3 µg l‑1), and were indistinguishable from background (approx. 1 µg l-1) for the final 7 days. The first 2 d of a copper pulse reduced the recruitment of barnacles, ascidians, serpulid worms, encrusting bryozoans, and didemnid ascidians.  The reduction was only significant (P=0.05) for Balanus variegatus (barnacle), Membranipora membranacea (sea mat bryozoa) and Serpulids (plume worms). The impacts were no longer observable by day 7 (2.9 – 5.4 µg l-1), thus the greatest impact of the pollution event occurred during the period of highest toxicant concentration.  There was no significant effect on the recruitment of arborescent bryozoans after the day 2 sampling point.  From the data, it can be concluded that concentrations of 3 to 5 µg l-1 copper did not affect recruitment of epifauna to settlement plates. This study is rated as Q2 multi-species field experiment, because although it is based on measured concentrations, it is a single replicate field study in which there were potentially complicating factors such as significantly declining concentrations and possibility of recolonisation which make the data difficult to interpret in the context of the derivation of a reliable NOEC.  
2. Miller (1946) showed lethality of copper to Bugula neritina (Linnaeus, 1758), a brown bryozoan at >300 ug/l.  Growth and polypide development were affected (EC10 estimated) at 50 µg l-1.  This study is rated as Q3 SSD but not included in the quantification because it is based on nominal concentrations and no background data are reported and the EC10 is estimated.
3. In a single concentration test in artificial seawater, Ng and Keough (2003) found that Cu at 100 µg l-1 accelerated larval attachment of encrusting bryozoan Watersipora subtorquata in winter and summer, but inhibited metamorphosis.  This study is rated as Q3, because it is based on nominal concentrations, single concentration tested and no background data are reported. No NOEC could be determined and this study could thus not be retained in the Q3 SSD

4. Piola and Johnston (2006) tested the tolerance of 4 introduced bryozoans, Bugula neritina, Watersipora subtorquata, Schizoporella errata and Tricellaria occidentalis, to a range of Cu concentrations (0, 10, 50, 100 and 500 µg l-1). Recruits of all species survived in 0 and 10 µg l-1 Cu for 20 d, with only Bugula neritina and Watersipora subtorquata recruits surviving exposure to 50 and 100 µg l-1 Cu. B. neritina and W. subtorquata colonies exhibited reduced significant post-metamorphic growth in 50 µg l-1 Cu compared to controls, with no growth observed in 100 µg l-1 Cu. This study is rated as Q3- multi-species study, because it is based on nominal concentrations and no background data are reported.
These data indicate that the Q1 HC5-50 derived by SSD will be protective of Bryozoan species in the marine environment.

Coelenterata (eg anemones, jellyfish, box jellies, corals, comb jellies)

1. Alutoin (2001) investigated the physiological responses in the hermatypic coral Porites lutea when exposed to a combination of reduced salinity and two concentrations of copper, nominal 10 and 30 µg l-1 Cu.  Corals were exposed for 14 h and changes in metabolism in terms of primary production rate per chlorophyll a and respiration per surface area were used as measures of stress. The results showed no significant changes in respiration rate in any of the treatments compared with controls, or between treatments.  Because of the length of the exposure period and the nominal basis for the assessment, the data are considered Q3. As only two concentrations were tested,  only a LOEC is reported and a biomarker endpoint was used, this study was not included in the Q3 SSD

2. The effects of dissolved copper on respiration, nutrient uptake and release, pigments, and zooxanthellae expulsion were investigated in Montipora verrucosa (coral). The EC50 for the most sensitive endpoint was 48 µg l-1 Cu, based upon nominal data. No significant change was detected in any other function after exposure to Cu (II) between 10 and 1000 µg l-1, except that polyps were visibly bleached and zooxanthellae expelled in proportion to copper concentration and to EC50.  No effect was observed at 10 µg l-1 Cu (Howard et al). Background concentrations were assumed to be 1 µg l-1 and test concentrations were not measured, only EC50 values are provided, so these data are considered Q3 but not retained for the SSD.

3. Hughes et al (2005) reported that the sea anemone, Actinia sp., was relatively tolerant to copper with LC50 values ranging from 182 to 347 µg l-1, based upon measured concentrations.  Because this is a 96 hour test LC50, the data are considered as Q3, and but not retained for the SSD

4. In an experiment to determine the relationship between measured concentrations of copper and damage/population growth of the rock anemone Aiptasia sp. (Kaiser et al, 2003) population growth was affected at 106 µg l-1 Cu and mortality of adult Aiptasia was first observed at exposure to 154 µg l-1 Cu for 3-4 weeks or 199 µg l-1 Cu for at least 18 days.  The data are considered Q2 because although the author reports a measured NOEC of 70 µg l-1, the graphical representation of the data indicates that the lower tested concentrations (29, 51 µg l-1) do not respond as the control data.  The interpretation of the data, therefore, is considered sufficient to seriously reduce the confidence in the endpoint and not retained for the SSD.

5. The effects of exposures on the anemone-algal symbiosis (Anthopleura elegantissima, and its dinoflagellate-algal symbiont Symbiodinium muscatinei) were determined by Mitchelmore et al (2003). Anemones were exposed to nominal concentrations of copper (0, 10, 100 µg l-1) for 42 days followed by a 42-day recovery period in ambient seawater. No changes in algal cell density or MI were observed in symbiotic anemone tentacle clips at any dose or time point in the Cd and Cu exposures.  Background concentrations and test concentrations were not measured, so these data are considered Q3. As this is a multi-species test it was not included in the SSD

6. Inhibition of fertilisation and larval metamorphosis of the coral Acropora millepora was assessed (Negri, A. P. Heyward A. J, 2001). Nominal concentrations that inhibited 50% fertilisation and metamorphosis (IC50) were calculated from 4 h fertilisation and 24 h metamorphosis assays and were based on introduced dose. Cu was most potent towards fertilisation with an IC50 of 17.4 µg l-1.  Background concentrations and test concentrations were not measured and no NOECs are available, so these data are considered Q3 but not included into the SSD.

7. The stress response of the scleractinian coral Porites cylindrica after 24 h of exposure to copper (11µg l-1) was assessed. Copper alone had no effect on any of the stress parameters determined (Nyström, 2001). Background concentrations and the single exposure concentration were not measured, so these data are not used for the Q3 SSD.

8. Nyström, et al (1997) investigated the effects on photosynthetic and respiratory rates along with changes in the ratio between gross production and respiration (PG/R) of two hermatypic corals, Porites lutea and Pocillopora damicornis were used as indicators of the stress response.  None of the species displayed any significant stress at nominal concentrations of 5 µg l-1 of copper exposure, while at 10 µg l-1 both were affected.  As above, background and test concentrations were not measured.  A biomarker endpoint was used and therefore this study was not used for the Q3 SSD.

9. Reichelt-Brushett (1999) and a series of co-authors report EC50 values for fertilisation success, larval survival, larval motility and larval settlement of several species of scleractinian corals. Copper EC50 values for fertilisation success are between 15 and 40 µg l-1, based upon nominal concentrations.  Because of the application of nominal data, the concentrations selected (2, 20, 100 µg l-1) and the fact that no NOECs are available, these data are considered Q3 but not used as input into the Q3 SSD.

10. In an additional study which presents no numerical data, Subrahmanyam (1990) observes that among the different tested organisms, copepods, chaetognaths, mysids, medusae and lucifers were relatively more sensitive than tunicates, siphonophores and ctenophores.  The toxicological aspects of this study are focussed on metals other than copper, but the relative organism sensitivities are discussed.  Therefore this is considered a Q3 endpoint.

In general, therefore, Coelenterata (Ctenophora, Cnidaria) show a range of sensitivities, but do not conflict with the Q1 HC5-50 derived by SSD.

 Porifera (Sponges) and associated microbial populations;

1. Webster et al. (2001) investigated the microbial communities associated with the sponge Rhopaloeides odorabile.  The number of operational taxonomic units (OTUs) detected by restriction fragment length polymorphism (RFLP) decreased by 64% in sponges exposed to 223 µg l-1 Cu for 48 h and by 46% in sponges exposed to 19.4 µg l-1 Cu for 14 days. Electron microscopy was used to identify 17 predominant bacterial morphotypes, composing 47% of the total observed cells in control sponges. A reduction in the proportion of these morphotypes to 25% of observed cells was evident in sponges exposed to a Cu concentration of 19.4 µg l-1. Although the abundance of most morphotypes decreased under Cu stress, three morphotypes were not reduced in numbers and a single morphotype actually increased in abundance. Bacterial numbers, as detected using fluorescence in situ hybridisation (FISH), decreased significantly after 48 h exposure to 19.4 µg l-1 Cu. Archaea, which are normally prolific in R. odorabile, were not detected after exposure to a Cu concentration of 19.4 µg l-1 for 14 days, indicating that many of the microorganisms associated with R. odorabile are sensitive to copper. Sponges exposed to a Cu concentration of 223 µg l-1 became highly necrosed after 48 h and accumulated 142 +/- 18 mg kg-1 copper, whereas sponges exposed to 19.4 µg l-1 Cu accumulated 306 +/- 15 mg kg-1 copper after 14 days without apoptosis or mortality.  Copper concentrations were measured, however because of the high (×10) factor between treatments, it is not possible to describe a realistic NOEC value.  Because of this, the endpoint is considered Q2 multi-species test.  

However, data presented in this article indicate that although symbiotic bacterial populations within the sponges may be sensitive to copper, the sponges themselves accumulate copper without negative effect measured as apoptosis or gross mortality.  Therefore, these data indicate porifera will be protected by the proposed Q1 HC5-50.

Plathelminthes (Flatworms);

1. In an investigation into the effects of copper exposure on Phrikoceros baibaiye by Hughes et al (2005) it was concluded from the results of three consecutive tests, that the organisms were sensitive to low concentrations of copper.  Adult P baibaiye physically responded to copper doses by active swimming and curling their bodies at the beginning of all tests.  Curling occurred mostly in animals exposed to copper concentrations of 28 and 40 µg l-1. Mucus secretion occurred later in the tests, coinciding with low movement, and in some cases death.  The regression analysis shows the dependency of the responses to copper exposure.  After 48-h exposure, 100% mortality occurred at copper concentrations of 77, 40, and 28 µg l-1 in the three tests respectively. After 96-h exposure to copper concentrations less than 45 µg l-1, total mortality occurred in all three tests.  The 96-h NOEC values for copper were 11, 20, and 15 µg l-1 for Tests 1, 2 and 3 respectively.  The results of two pilot tests using P baibaiye larvae did not show a significant dose response relationship due to some variability in the response of the larvae to copper and limited replicates.  The first test using 3-day-old larvae showed that after 24-h exposure to copper concentrations of 10 µg l-1, larval survival was significantly higher (about 50%) compared to the controls. After 24-h exposure to 100 µg l-1 of copper the larvae survival was only 12%.  Because these tests were on juvenile adult organisms with lethality as the endpoint, these are not considered true (sub-)chronic data (ie. Q3) and thus not included in the Q3 SSD.  They are, however, based on measured data therefore considered an accurate assessment of the acute effects on plathelminthes.

The available data are limited, but suggestive but do not conflict with the  SSD derived Q1 HC5-50. 

Nemertina (ribbon worms) and annelida; 

No substantive information was found.  However, indicative data from Plathelminthes and annelida indicate worms are generally not more sensitive than other taxa, and the PNEC derived will be protective to Nemertina.  This is substantiated in Stark, J.S. (1998), who investigated the effects of copper on macrobenthic assemblages in soft-sediments.  This experiment followed a field study which showed that, in Sydney Harbour, there were very different numbers and types of animals in sediments with large concentrations of metals compared with sediments which were unpolluted.  Samples from unpolluted intertidal sediments were collected in cores and taken back to the laboratory where they were placed in aquaria. These had a simulated tidal cycle so that the sediment was regularly emersed or immersed in seawater as they would have been in the field. Cores of sediment were treated with low (20 ppm water/sediment total) or high (60 ppm water/sediment total) doses of copper, or none (with all the appropriate controls for the experimental artefacts of supplying the copper) and the animals in the sediment were sampled after 14, 28 and 56 days.  Concentrations in the overlying water dropped to approximately 50% of the dosing concentration over the exposure period (ie. from 60 mg l-1 to 30 mg l-1 and 20 mg l-1 to 10 mg l-1).  Sediment concentrations in the high copper dose were 100-1500 mg/kg.  The author concludes that the high copper concentrations reduced the numbers of most types of animals, but this response varied among taxa, with crustaceans being the most sensitive. Some types of worms, such as oligochaetes and nemerteans, showed no effects at all.  Because of the multiple factors affecting toxicity in this semi-field study, the data are not considered appropriate for inclusion in the Q1 data set.  They are, however, based on measured concentrations in the water and sediment compartments, and are therefore considered Q2 field study, and indicative of the fact that Nermertina will be protected, based upon the Q1 HC5-50 derived by SSD.

Nematoda (round worms);

As with the Nemertina, no substantive information was found in the literature review.  However, Lee (2005) investigated the effects of the disposal of copper mine tailings on the littoral meiofaunal assemblages of the Chanaral area of northern Chile. Of the metals data collected, only in the case of copper was there a clear association with the tailings distribution in both the seawater and porewater samples, and it is assumed that the tailings on the beaches was the source of copper in the adjacent seawater. When compared to the reference sites, the meiofaunal assemblages at the impacted sites had significantly lower densities and taxa diversities.  The findings indicate that Nematoda are less sensitive than Harpacticoida, existing in environments where porewater levels of copper are correlated with no Harpacticoida species.  This indicates that any Q1 HC5-50 derived which is protective of Harpacticoida would necessarily be protective of Nematoda.  The results are not presented in terms of endpoint provision for screening Risk Assessment purposes, therefore cannot be included in the SSD database, however they are indicative that an endpoint which is considered protective for Harpacticoida will subsequently be protective for Nematoda.

Arthropoda – Insecta (eg. eg. Sea skater)

No data on marine insects are available for review.  However, from the review of the freshwater data set, it can be concluded that insects are not the most sensitive species.    Therefore, these are not considered a taxa of concern.

Eubacteria (eg. Cyanobacteria)

The study of Brand (1986) investigated the reproduction rates of marine phytoplankton species under controlled Cu2+ concentrations as discussed in section 1.4.1.1. and showed the cyanobacteria are relative sensitive species.  After estimation of EC10 based upon Cu2+ concentrations and comparison with the Cu2+ concentration at the PNEC, the data did demonstrate that the Q1 HC5-50 values are protective for the normalized HC5-50 values. 
Conclusion

From an assessment of all available data on taxa not represented in the high quality data set used to derive the SSD, it can be concluded that the SSD derived HC5-50 would be protective to  these unrepresented phyla.

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; 

The probability distribution of the Cu dataset used for the calculations of the 5th percentile values has been checked with the Anderson-Darling goodness-of-fit test. This goodness-of-fit test highlights differences between the tail of the distribution (lower tail is the region of interest) and the input data. Based on this analysis, a best fit of the log-transformed data was achieved with the Pearson VI or Pearson V distribution function (depending on the DOC scenario considered). The relatively small difference between the one-sided 95% left and the 50% confidence limit, i.e. a factor 1.3 to 1.4, reflects the good performance of these distributions for the marine Cu-dataset.

3.2.7.7.1 Robustness of the Q1 HC5-50

From all Q1 data a robust HC5-50 between 4.4 and 5.2 µg Cu/l, depending on the distribution curve used can be derived.  The log- normal curve fittings were rejected on 2 of the 3 Goodness of Fit tests within ETX and therefore the value of 5.2 µg Cu/L, using all Q1 data, is considered as a most robust parametric HC5-50 value.  The HC5-50 from the semi-parametric kernel density estimation returns an HC5-50 of 4.8 µg Cu/L. 

The sensitivity analysis performed using a more limited data-set or including Q2 and Q3 data returned similar HC5-50 values, ranging between 4.3 and 6.0 µg Cu/L 

Considering all HC5-50s, an average HC5-50 value of 5.1 µg Cu/L is derived from Table 3‑26.

In view of the TCNES agreement, the HC5-50s derived from all Q1 best fitting SSD (5.2 µg Cu/L) will be used for the risk characterization. The statistical analysis, and sensitivity analysis performed, add weight of evidence to the derived Q1 HC5-50 value.  

Useful to mention that only one species-specific Q1 NOECs (4.4 µg Cu/L for Phaeodactylum) falls around or below the HC5-50s derived . The ratio of all data Q1 HC5-50 values (4.4 to 5.2 µg Cu/L)/ Q1 lowest NOECs is  always < 1.2 and does not warrant the need for an additional assessment factor.  

The derived HC5-50 values are thus robust in nature and the sensitivity analysis does not warrant the need for an additional assessment factor. 

3.2.7.7.2 Comparisons between field and mesocosm studies

Although the field data did not allow to derive a Q1 threshold concentrations of Cu in marine waters at the field scale, the available field data do not demonstrate higher sensitivity in field conditions compared to laboratory conditions and therefore do not indicate the need for an additional assessment factor.  

Nevertheless, considering the absence of a high quality mesocosm, an assessment factor (AF) of 2 has been applied to the HC5-50 and a final PNEC of 2.6 µg Cu/L is retained. 
3.2.7.7.3 Comparison of the HC5-50 with background values

For the OSPAR regions, dissolved background copper levels, estimated from off shore samples, range between 0.050 and 0.360 µg/L (OSPAR, 2001). Nutrient deficiency, including copper deficiency is documented in open ocean  (see section 1.1.2).  The HC5-50 derived for the open ocean MAMPEC program (0.2 mg/l) is 0.4 µg Cu/L and thus very close to the background levels of open ocean systems.  The European waters are characterised by a median concentration of 0.6 µg Cu/L and a median coastal PEC of 1.1 µg Cu/l. This information therefore demonstrates that the use of assessment factors need to be done with caution.
Copper levels in the controls of the retained Q1 ecotoxicity tests were characterised by a mean and median value  of respectively 2.5 and 2.0 µg Cu/L.   The Q1 PNEC value of 2.6 µg Cu/l is thus close to the copper levels in control test media, demonstrating that the use of the assessment factors of 2  may be over-prtotective.

3.2.7.7.4 Conclusion 

The single-species HC5-50 values, derived from Q1 data (5.2 µg Cu/l)  and an AF 2, resulting in a PNEC of 2.6 µg Cu/L was carried forward as PNEC to the risk characterisation. Considering the large amount of data available, TCNES agreed that if a high quality marine Mesocosm can confirm the HC5-50 of 5.2 µg Cu/L, an AF 1 could be considered.

3.2.8 PNEC derivation marine sediments 
3.2.8.1 Introduction
There are no NOEC data available from direct toxicity sediment exposures of copper. The PNEC was derived from the pelagic marine PNEC (2.6 µg Cu/L) was therefore used in an equilibrium partitioning approach.  Knowledge and understanding of the partitioning behaviour of copper between dissolved and particulate phases is thus essential to the PNEC marine sediment determination. A literature search aiming at defining appropriate Kd values for copper in estuarine and marine systems was performed (Appendix env M)
Table 1-26 summarises the estuarine and marine KD values that were derived in section 2 of this document.  The median KD value for marine waters (131826 L/kg) and estuarine waters (56234 L/kg)  are carried forward to the risk characterisation.
Table 1-26: Summary of the Estuarine and marine KD values (L/kg) 

	
	Estuarine log KD
	Estuarine KD (L/kg)
	Marine log KD
	Marine KD (L/kg)

	50th percentile
	4.75
	56,234
	5.12
	131,826

	10th percentile
	4.19
	15,488
	4.58
	38,019

	90th percentile
	5.42
	263,027
	5.66
	457,088


3.2.8.2 PNEC derivation for the sediment compartment – equilibrium partitioning method
Respective marine and estuarine KD-value of 131826 and 56234 L/kg were derived from the literature review.  These values are converted to the dimensionless form (m³/m³) according to:
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 with Fractionwater=0.9; Fractionsolid=0.1; RHOsolid= 2500; Ksusp-water expressed as m³/m³ and KD expressed as L/kg

The PNECsediment for the marine and estuarine environments are calculated using Equations 1 and 2 and are presented in Table 1-27 and Table 1-28. A value of 1150 is used for RHOsusp.solid.

Table 1-27: Derivation of a marine PNECsediment with the equilibrium partitioning method, using the physicochemical properties of suspended solid 

	Scenario
	PNECaquatic
(µg Cu/L)
	PNEC marine sediment 

(mg Cu/kg wet wt)
	PNEC marien sediment (mg Cu/kg dry wt)

Conv. factor: 0.22

	DOC: 2 mg/L ; Pearson V-fit
	2.6
	74
	338

	
	
	
	


These values do not include a correction for the sediment OC.

Table 1-28: Derivation of an estuarine PNECsediment with the equilibrium partitioning method, using the physicochemical properties of suspended solid 

	Scenario
	PNECaquatic
(µg Cu/L)
	PNEC estuarine sediment 

(mg Cu/kg wet wt)
	PNEC estuarine sediment

(mg Cu/kg dry wt)

Conv. factor: 0.22

	DOC: 2 mg/L ; Pearson V-fit
	2.6
	32
	144


These values do not include a correction for the sediment OC.

The partitioning method thus resulted in a PNEC of 144 mg/kg dwt (estuarine environment) and 338 mg/kg dwt (marine environment) (suspended solids method). These PNECs are used for the risk characterisation.

According to the EU TGD an assessment factor of 10 should be applied to the PNEC for substances that sorbs strongly to sediment to take exposure via ingestion into account. However, in the case of copper, no additional assessment factor needs to be applied to the derived PNEC for the following reasons : .  

· the freshwater effects chapter demonstrated that the dietary uptake of copper does not contribute to the toxicity

· the mechanism of action in marine fish pointed to the importance of osmoregulatorty disturbance to be key in the toxicity profile  

· the fact that for the most sensitive  invertebrates (eg bivalves) short term exposures to early life stages provided  the most sensitive NOECs shows that water exposure is key to the marine effects assessment

As no information on AVS was available for the marine sites, used for the local and regional PEC derivations, this correction was not carried out. 

� the mean/median copper concentrations of the natural seawater control test media are 2.4/2.1 µg Cu/L, the median copper concentration in European marine waters was 0.6 µg Cu/L median (from exposure assessment); the median coastal zone PECvalue (from exposure assessment)  was 1.1 µg Cu/l,.  Considering that the latter was still  below 2.1 µg Cu/L (median value in test waters), this value was retained as default natural copper background value in absence of measured data.    
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