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LEGAL NOTICE

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

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

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

Foreword

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

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

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

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

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

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

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

Industries/companies wishing to use all or part of the Risk Assessment Reports, and/or their appendices, for regulatory purposes such as for EU REACH registrations, EU Biocidal Products Directive Registrations, or EU Plant Protection Product Directive Registrations, are required to contact ECI to agree terms of access.
In order to avoid possible misinterpretations or misuse of the findings in this draft, anyone wishing to cite or quote any part of this report, or its related appendices, is advised to contact ECI beforehand.    

Contact details of the responsible: 

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

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

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

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

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

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

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

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

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

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

	BOLIDEN AB.
	Smaltverket
	S-93281 Skelleftehamm
	SWEDEN

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

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

	BOLIDEN MINERAL AB
	Klarabergsviadukten 90
	SE - 101 20 Stockholm
	SWEDEN

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

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

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

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

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

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

	DEUTSCHE GIESSDRAHT GmbH
	Kupferstraße 5
	D-46446 EMMERICH
	GERMANY

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

	NEXANS
	4-10, rue Mozart 
	92587 Clichy Cedex
	FRANCE

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

	Nexans IKO Sweden AB
	 
	S-514 81 Grimsas
	SWEDEN

	NEXANS MEHUN SUR YEVRE
	 
	F-18500 Mehun Sur Yevre
	FRANCE

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

	NEXANS WIRES MÂCON
	Rue du Port
	F-71000 Macon
	FRANCE

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

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

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

	NORDIC BRASS AB
	Box 524
	S-721 09 Västeras
	SWEDEN

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

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

	OMG Kokkola Chemicals Oy
	PO Box 286


	67101 Kokkola
	Finland

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

	SPIESS URANIA
	Heidenkampsweg 77
	D-20097 Hamburg
	GERMANY

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

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

	Thyssen Krupp VDM
	Plettenberger Strsse 2
	D-58791 Werdohl
	GERMANY

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

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

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

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

	TREFIMETAUX --usine de Boisthorel
	 
	F-61270 Rai
	FRANCE

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

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

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

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

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

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

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

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

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

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

	YORKSHIRE Fittings Ltd
	P.O. Box 166
	Leeds, LS10 1NA
	UK
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3.3 RISK CHARACTERISATION 

3.3.1 Methodology

Copper is an essential nutrient. The natural copper levels available for plants, micro-organisms and animals depend on the natural geological and physico-chemical characteristics of the environment. This risk characterisation therefore has assessed copper levels derived from natural and anthropogenic emissions in a total risk approach.

Although copper deficiency does occur (e.g. agricultural soils), this risk characterisation has focussed on the evaluation of risks related to excess, based on a comparison of the PEC with PNEC values as outlined in the TGD. However, for appropriate evaluation of the impact of copper to the environment, copper homeostasis mechanisms and copper deficiency need to be accounted for and these have been discussed where applicable.

For this risk characterisation chapter, overview tables are reported summarising the local PNECs and the local concentrations and PEC values (based on modelled data) and the corresponding PEC/ PNEC values for the environmental compartments surface water, STP, sediment, soil and relevant life cycle stages.  The risk characterisation has been carried out for key exposure scenario’s considering the aquatic and terrestrial environments. No risk characterisation can be made since no data were found on Cu toxicity in the atmospheric compartment.
The risk characterisation uses the available information on bioavailability in a step-wise approach. The proposed step-wise methodology for characterizing risks is outlined for the aquatic, sediment and soil compartment in Figures 3-1 and 3-2 and  Figure 3‑31 and shortly described here below. 
a. Water Compartment 

Step-wise approach 1:  Paired PEC/PNECs
- Local scale : in case measured data on all abiotic parameters -pH, DOC, hardness, (Ca, Mg) are available for a specific river/lake where the local effluent is discharged into, a normalised site/river-specific PNEC value is derived by means of the user-friendly Cu-BLM.  The PEClocal (PEClocal = PEC regional + C local) value is compared to this derived PNEClocal for the local risk characterisation and the paired PEC/PNEC ratio derived. 

- Regional scale: for regional monitoring sites, where measured copper concentrations (monitoring databases) as well as measured data on abiotic parameters -pH, DOC, hardness, (Ca, Mg) - are available, BLM normalised PNECs are calculated for each sampling period and site by means of the user-friendly Cu-BLM.   For each paired set of monitoring data, the copper concentrations are then compared to the BLM-PNECS.  This allows to derive region-specific cumulative frequency distributions of the risk characterisation ratio’s and thus an evaluation of the probability of risk for the region considered. The region-specific risk ratio is then further calculated in analogy to the TGD methodology for the PEC-regional derivations: (1) where for each site within a region data are available over time, the 90th P for each site is derived and the  average of the risk ratio’s across the sites within a region is calculated; (2) where for each site within a region data have been taken only once the 90th P of the risk ratio’s across the sites within a region is calculated

Step-wise approach 2: estimation of the PNECs for the site 
- Local scale:  the risk characterisation is carried out by comparing the local PEC (PEClocal = PEC regional + C local) with the estimated PNEC for the receiving water.  In order to be cautious, in the derivation of the BLM -PNEC for the receiving waters, different approaches are used.  
(1) the available site-specific information (DOC and/or pH an/or hardness) and estimation of the missing parameter (RWC Europe) allow the calculation of a site-specific BLM-PNEC; 
(2) If site-specific information is not available for the local site but is available for other locations in the same region of the site, the PNEC from the local site can be estimated using kriging techniques (see also section 3.3.2.2.). When, for a region, sufficient physico-chemical characteristics is available in a geo-referenced manner (having geographical co-ordinates) site-specific geo-referenced BLM-PNECs (using aggregated (averages) physico-chemical characteristics)  can be calculated for each site in the region.  These regional PNEC value can be captured into a Geographic Information System (GIS)
 that allows PNECs to be mapped and interpolated with geo-statistical techniques (Kriging whereby values for un-sampled locations are estimated as a weighted average of the surrounding sampled locations).  The PEC at any local site that is georeferenced (geographical co-ordinates known) can then be compared to the interpolated geo-referenced BLM-PNEC (or GIS derived BLM PNEC
) of the local site . 
(3) The regional PNEC maps described above can be further used to derive frequency distributions of PNECs and deduct region-specific RWC PNECs for each region. These region-specific RWC PNECs can be used for the local risk characterisation in absence of PNECs derived under stepwise approach 1, 2 (1) or 2 (2). Considering that not all regions had sufficient spatial PNEC distributions, two methods were employed to estimate the frequency distribution of the aquatic PNEC for Cu  (cfr section 3.3.2.2.) :

- Area based statistics were developed for Austria, Walloon, France, Sweden and UK.  For the area-based statistics, interpolations are made for the locations for which no data available and those are used to estimate the frequency distribution.  This area-based frequency distribution has the advantage that, compared to a point-based frequency distribution described below, the potential bias introduced by unequal sampling density over the total area is removed.   

· Points-based statistics were used for the other countries (Germany, Spain, The Netherlands). The latter estimations, uses the data points without weighing for the representativeness of each data point. 

Using the area based PNEC distributions for a region, the RWC PNEC for the region is calculated as the 10th percentile (area- based,  from the geo-referenced data,  or point –based) BLM-PNEC of the region.  The PEC at any local site is then compared to the RWC PNEC for the region. 
Where applicable, the site-specific risk characterisation ratio’s derived through these three approaches are compared

- Regional scale: the regional risk characterisation is carried out  by comparison of the regional PEC with the range of PNECs  obtained from uncoupled data for the same region or  a similar region
Step-wise approach 3:   Site specific PEC values are compared with the reasonable worst case PNEC value for Europe.

b. For the sediment compartment, a similar approach can be taken :

Step-wise approach 1:  If detailed data are available on the OC and AVS of the region/ local industry site of concern, site or region specific PNECs can be calculated and compared with the PECs at each location within the region. 
The risks for the local site can subsequently be calculated from the comparison between the PECAVS normalized and the PNECnormalized, OC site specific (Eq-1) taking into account site specific information on the OC  and AVS content.
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For the regional assessment, data from the AVS-SEM monitoring campaigns, allowed to assess the copper fraction not bound to  AVS and this assessment was included in the regional RCR. 
Step-wise approach 2: No step-wise approach 2 assessment was carried out
Step-wise approach 3 : For the local/regional  risk characterisation under step-wise approach 3, two options have been applied:

 Option 1 : risk characterisation on the basis of the local additions only from the site (added risk approach): In this option the risk characterisation takes into account the local additions from the site only (C_local).  This approach can be used if it has been proven that at a regional scale, copper in sediment is bound to sediment sulphides and is thus not available. 

Option 2 : Use of the default bioavailability scenario to the local/regional exposure data

In case site specific or region-specific data are lacking the use of a conservative default AVS value could be considered and the RCR is derived as (PEC sediment- AVS default)/default PNEC. In this case a default OC of 5%OC (freshwater) and a default AVS  of 0.62 µmol/kg dry weight (default value (after subtracting the average AVS of the ecotox test media – see below for more details) was used.  
c. For the soil compartment, bioavailability is also implemented in a step-wise approach analogous to the aquatic compartment method:

Step-wise approach 1: Regional scale: The frequency distribution of RCR values in Step-wise approach 1 is based on a database where for each sampled site both PEC and PNEC data are available (paired data; point-based frequency distribution). When these data are geo-referenced, the RCR values can further be interpolated with geo-statistical techniques (Kriging whereby values for un-sampled locations are estimated as a weighted average of the surrounding sampled locations) in order to obtain an area-based frequency distribution. This area-based frequency distribution has the advantage that, compared to a point-based frequency distribution, the potential bias introduced by unequal sampling density over the total area is removed.
Local scale: Site specific PEC values are compared with the site-specific PNEC where site-specific information on bioavailability parameters is available.

Step-wise approach 2: Regional scale: In case PEC and PNEC data are available which are however from different locations (non-paired data), this information can be combined to yield a frequency distribution of RCR values:

-If both PEC and PNEC data are geo-referenced, predictions for each location for both parameters can be made by geo-statistical interpolation techniques (Kriging) resulting in predicted PEC and PNEC values for each location. The RCR value for each location can then be derived and an area-based frequency distribution obtained. 

- A specific case is when only geo-referenced PNEC data are available for a country/region and PEC data which are not geo-referenced. PNEC values can be derived for each location using the kriging method. These data can then be compared with the 90th percentile of the PEC values of a region/country resulting in an area-based frequency distribution of RCR values.

-In case the PEC and PNEC data are not geo-referenced, a frequency distribution of RCR values can still be derived through combination of all PEC and PNEC data (Monte-Carlo analysis). This approach is less accurate compared to the interpolation approach, because it neglects any correlation  between PEC and PNEC
.

Local scale: Site-specific information may not be available for one or more abiotic parameters (pH and/or OM% and/or clay% and/or eCEC), but may be available for other locations in the same region of the specific site. The values of these missing site-specific abiotic parameters are estimated using the information from the surrounding locations and the kriging method. The site specific PNEC is then derived using the available and estimated values of the site-specific parameters Site specific PEC values are compared with the estimated site-specific PNEC. 
- Step-wise approach 3: Regional scale: Where not-geo-referenced PEC data are available for a country/region but insufficient data to assess the PNEC of a country/region the regional risk assessment is based on a comparison of the 90th percentile of the PEC of that country/region with the reasonable worst case PNEC for Europe.

Local scale: Site specific PEC values are compared with the reasonable worst case PNEC value. for Europe.
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Figure 3‑1 : Step-wise approach for –aquatic compartment- risk characterisation

[image: image2]Figure 3‑2: Step-wise approach for risk characterisation for the soil compartment  
3.3.2 Summary of the PNECs derived
3.3.2.1 General approach
The approach used to derive the PNEC from the single species NOEC values follows the TGD.  

For the effects analysis, NOECs were derived from in depth analysis of existing literature data on the effects of copper to respectively freshwater organisms, freshwater benthic organisms, terrestrial organisms and micro-organisms from sewage treatment plant (STP). All data were screened against well defined quality criteria prior to their retention in the copper ecotox database.

Research data allowed to quantify the relation between ecotoxicity data and the physico-chemistry of the media (water, sediment, soils). These data allowed the development and validation of bioavailability models applicable to EU water, sediment and soil ecotoxicity data. 

For the water, sediment and soil compartments, in accordance with the TGD, statistical extrapolation, of the normalized  NOEC values was  used for the HC5-50 derivation.  The uncertainty consideration, mentioned in the TGD, were assessed in order to evaluate the need of additional safety factors on the HC5-50 values.  The uncertainty analysis includes the uncertainty analysis on the single species studies, mesocosms validations, information on copper background levels and information on copper’s essentiality. For the STP,  the assessment factor method, in accordance to the TGD, was used.  
The potential for secondary poisoning was investigated and it was concluded that, due to copper homeostasis, there was no concern for secondary poisoning. 
3.3.2.2 Derivation of the PNEC freshwater 

Chronic toxicity data (usually reported as NOEC values) were extracted from scientific publications, and research activities. Because extensive information is available on the toxicity of Cu to freshwater organisms, stringent selection criteria were applied to the extracted ecotoxicity data (e.g. only measured toxicity data were used in the effects assessment), resulting in a final ‘high quality’ dataset of 139 individual chronic NOEC values from 27 different aquatic species, representing different trophic levels (primary producers, primary consumers and secondary consumers)
.  Considering that both the added and the background copper concentrations may contribute to the observed effects, this risk assessment implements the total risk approach.

Close examination of this high quality database revealed large uncertainty in the derivation of species-specific NOEC value due to the large variations in observed NOECs within one species and endpoint (min/max ratio up to a factor 31). Such variations could be explained by the different ecotoxicity test media used and therefore by the different levels of copper bioavailability in the different test systems. In order to better understand these observed differences in intraspecies sensitivity for copper the influence of specific water characteristics on the chronic toxicity of Cu was further evaluated.  Biotic Ligand Models were developed and provide a mechanistic basis for understanding and predicting bioavailability through integration of chemical parameters (e.g. pH, hardness, DOC) and biological parameters (receptor sites on organism, mode of action). 
BLM models were developed/validated for 10 species, representing the three basic trophic levels (algae, invertebrates and fish):

(1)  a unified chronic chronic model was developed for the algae (P. subcapitata, Chlamydomonas  reinhardtii and Chlorella vulgaris) The applicability of the model for  predicting  higher plant ecotoxicity (hydrocultures of Barley) was demonstrated

(1) a chronic BLM was developed for invertebrates (Daphnia magna)  The capacity of the BLM for predicting copper toxicity to other invertebrate species was demonstrated from copper toxicity studies with Brachionus calyciflorus, Lampilis siliquoidea and Hyridella depressa and Hyalella azteca
(2) a unified chronic model was developed for 2 fish species (Pimephales promelas and Oncorhynchus mykiss). 
The BLMs developed for chronic fish (P.promelas and O. mykiss), invertebrates (D.magna) and algae (P. subcapitata) were used for normalising all retained chronic NOEC values of respectively fish, invertebrates and algae/plant species. Normalization were carried out towards seven EU scenario’s, selected to include a range of typical cases of bioavailability and to encompass the 10th/90th percentile of the DOC, pH and hardness for surface waters.  The normalization of the NOECs with the BLMs allowed to obtain small intra-species variability and resulted in robust and meaningful species-specific NOEC values. 

Derivation of the HC5-50

A Species Sensitivity Distributions was constructed using the normalised NOEC data. The  SSD best fitting model, which results in the smallest uncertainty around the HC5-50, was used, The EU scenario specific HC5-50 range between 7.8 and 22.1 µg Cu/L  when using the best fitting distributions and between 7.8 to 27.2 µg Cu/L when using the log normal distributions, depending on the bioavailability scenario considered.  The log normal distribution was carried forward to the risk characterization. 
Derivation of the PNEC
The final proposed PNEC is related to the uncertainty considerations covering 1) the mechanism of action, 2) the overall quality of the database and the end-points covered; 3) the statistical uncertainties around the 5th percentile estimate; 4) the robustness of the HC5-50 values 5) the conservative factor build in into the system; 6) validations from multi-species mesocosm studies and 7) comparison with natural backgrounds and optimal concentration ranges   
Conclusions from the uncertainty analysis

· Information on the mode of action of copper exposure indicates that the key indicator of copper toxicity relates to the disturbance of the sodium homeostasis.  The key target tissue for copper toxicity is the water/organism interface with cell wall and gill-like surfaces acting as target biotic ligands in all species investigated. This mechanism of action explains the relative small inter-species variability in chronic NOECs as well as the typical small acute to chronic ratio’s observed for copper.

· The Cu-database covers only ecological relevant endpoints.  The chronic Cu-data properly reflect the variability in physico-chemical conditions encountered in European surface waters and the database covers sensitive life stages and real ‘chronic’ exposure times.  The retained Cu-database largely exceeds the TGD (2003) requirement of 10-15 different NOEC values and taxonomic groups 
· Models have been developed and applied which allow for the normalisation of the ecotoxicity data towards similar water conditions and consequently for a significant reduction of the intra-species variability in NOEC values. Further, these models are applicable for a wide range of EU water, covering the 10P-90P of  the water characteristics that influence the bioavailability of copper, and  thus allow for the derivation of scenario-specific SSDs and HC5-50 values.

· The HC5-50-values, derived using the best-fit models gives the smallest uncertainty around the HC5, reflected in the small differences between HC5 and HC5-50 and between HC5-50 and HC5-95.

· The influence of background values was tested and demonstrated that acclimation may decrease the sensitivity up to a factor of 3. This was however not accounted for and allows for  conservativism built into the HC5-50

· The assessment does not account for the limited Cu-DOC binding occurring under laboratory flow through conditions compared to field situation and allows for  conservativism related to the HC5-50 . 

· Copper threshold values were derived for three high quality mesocosm studies, representing lentic and lotic systems.  The mesocosm studies include the assessment of direct and indirect effects to large variety of taxonomic group.  The studies also integrate potential effects from uptake from water as well as from food,  The BLM calculated HC5-50 allow for the prediction of the observed HC5-50 values derived for the mesocosms with an average predicted/observed ratio of 0.9.  The fact that no pre-equilibration between the copper dose and the test media was applied in 2 out of the three studies further confirms that the BLM predicted single species HC5-50 are protective in the field. 

· The total dissolved HC5-50 values, derived for EU typical scenario’s are slightly above typical ranges of natural background levels reported for Europe (0-5 µg Cu/l, 90thP of 3.3 µg Cu/l). This information thus cautions against the use of unnecessary assessment factors on the HC5-50.
· The BLM normalized HC5-50 value, calculated for the test water used in acclimation experiments with D.magna (8 µg Cu/L), is close to copper exposure level resulting in the highest energy reserve for D. magna (11 µg Cu/L) . This information thus cautions against the use of unnecessary assessment factors on the HC5-50. 
On the basis of this uncertainty analysis, it was concluded that the HC5-50 can be considered robust and an AF of 1 to be sufficient, resulting in PNECs ranging between 7.8 µg to 27.2 Cu/L (log normal distributions) for the defined EU surface water types.     
The most sensitive eco-region PNEC (7.8 µg Cu/L) is used as EU-wide RWC value.  To further evaluate the validity of this RWC PNEC (7.8 µg Cu/L), a comparison between the HC5 derived for the most sensitive eco-region, the 10th-90th percentile of the bioavailability parameters and non-normalized HC5 values was made and demonstrated that the HC5 values are almost identical (respectively 7.5, 7.9 and 7.9 µg/l) (Table 3‑1, Figure 3‑3) 

Table 3‑1 : Physico-chemistry of the EU sensitive scenario’s 
	
	pH
	DOC
	Ca (mg/l)
	Mg (mg/l)

	Rwc – algae
	8.1
	2.6
	11.4
	2.0

	Rwc – invertebrates/fish
	6.6
	2.6
	11.4
	2.0

	Most sensitive eco-region – river Otter
	8.1
	3.2
	46.9
	11.6
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Figure 3‑3 : Sensitivity analysis of the HC5 for the most sensitive EU scenario versus the reasonable worst case for algae and invertebrates and the non-normalized data.
To further evaluate the geographic representativeness of the RWC PNEC, the distribution of the BLM-calculated PNECs across Europe is further assessed.   Sites characterised by having site-specific information on physico-chemistry (DOC, Hardness, pH…) as well as copper concentrations reported (see section 3.3.7.1) are available for Belgium, Germany, UK, Sweden, Spain, Austria, the Netherlands and France and allowed to calculated PNECs for a wide  range of sites, of relevance for the regional risk characterisation. 

The data allowed to estimate site-specific PNECs (using aggregated (averages) physico-chemical characteristics) for a range of sites in different EU countries (Table 3‑2).  For regions with georeferenced data, the aggregated PNECs were used to map PNECs in the different EU countries, through Kriging techniques.  Considering that not all regions had sufficient spatial PNEC distributions, two methods were employed to estimate the frequency distribution of the aquatic PNEC for Cu :

· Area based statistics were developed for Austria, Walloon, France, Sweden and UK.  For the area-based statistics, PNEC interpolations are made for the locations for which no data are available and those are used to estimate the frequency distribution.  For Sweden and Austria, area-based percentiles were approximately derived because the shape of the country could not be cut from the interpolated shape. These values are in italic in Table 3‑2.

· This area-based frequency distribution has the advantage that, compared to a point-based frequency distribution described below, the potential bias introduced by unequal sampling density over the total area is removed.   
· Points-based statistics were used for the other countries (Germany, Spain, The Netherlands). The latter estimations, uses the data points without weighing for the representativeness of each data point. 
The PNEC maps can be found from Figure 3‑4.    Table 3‑3 summarizes  the country-specific PNECs and allows to calculate an EU wide RWC PNEC of 10.5 µg Cu/L (median of the 10th percentile PNECs for the different EU regions), further demonstrating the validity of the RWC value (7.8 µg Cu/L).  
Considering the regional variability, useful to mention that the site-specific and region-specific RWC PNECs, are used where applicable for  the regional (see section 3.3.7.1) and local risk characterisation (Step-wise approach 1 and Step-wise approach 2 – see section 3.4.4.1).  The EU-wide RWC PNEC (7.8 µg Cu/L) is used in absence of site-specific and region-specific RWC PNECs.
Table 3‑2: Overview number of BLM calculations used for  the PNEC mapping

	
	Nr data points (nr sites)

	Belgium
	591 (57)

	Germany
	307 (55)

	UK
	3,298 (108)

	Sweden
	1,012 (155)

	France
	189 (198)

	Austria
	288 (288)

	Spain
	48 (5)

	The Netherlands
	200 (36)
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Figure 3‑4 : Maps of the aquatic BLM-PNECs Cu for Austria, Belgium, France, Sweden and UK
Table 3‑3: Aquatic copper PNECs (10P – 50P – 90P) per region and according to a point- or area-based approach (italic values indicates that the area-based percentiles were approximately derived because the shape of the country could not be cut from the interpolated shape)

	
	Statistical analysis of the PNECs 

	
	Statistical basis
	PNEC (µg Cu/L)

	Sweden
	Area-based
	(13.8 – 18 – 23.3)

	UK
	Area-based
	12 – 17 – 29

	France
	Area-based
	7.8 – 13.4 – 19.7

	Austria
	Area-based
	(4 – 7.3 – 17.7)

	Belgium
	Area-based
	9.32 – 11.7 – 18.9

	Germany
	Point-based
	11.7 – 20.5 – 29.3

	Spain
	Point-based
	7.3 – 11.0 – 20.9

	The Netherlands
	Point-based
	19.5 – 36.8 – 77.4


3.3.2.3 PNEC derivation for the STP

High Quality Data on adverse effects on microbial activity in STP, are available for copper and can be used to derive the PNEC for aquatic micro-organisms. Because of the limited information available, both nominal and measured toxicity data were used in the effects assessment. 

This part of the aquatic effects assessment focussed on data relevant for the functioning of a Sewage Treatment Plant (STP) (e.g. respiration or nitrification inhibition). Additionally, the results from biodegradation/removal studies and tests with ciliated protozoa were also evaluated and used for deriving a PNECmicro-organisms.    

Both short and long term bacterial studies were retrieved from literature. The continuous exposure of mixed culture growing at steady-state were selected for the PNEC setting.  The lowest reliable observed NOEC value for inhibition of nitrification using activated sludge was, 3,5 mg/l as total copper and 0.26 mg/l as dissolved copper.   The lowest reliable observed NOEC values for inhibition of respiration was 2.0 mg/l , expressed as total Cu and 0.23 mg/l expressed as dissolved copper. 

The results obtained from protozoan communities were deemed to be more representative for the functioning of STPs and were therefore retained for the PNEC derivation. The lowest NOEC value for ciliated protozoans representative for the protozoan community of a STP was 0.32 mg/l dissolved copper (data from the protozoan community).  

It is noticed that the sensitivity of the protozoan community (NOEC values) are in the same range of sensitivity compared to the bacterial populations. Therefore, a PNECmicro-organisms of 0.23 mg Cu/l (as dissolved fraction) is proposed
3.3.2.4 PNEC derivation for the freshwater  sediment compartment

The sediment PNEC has been derived using a weight of evidence approach considering different sources and tiered approaches of information : (1) pelagic ecotoxicity data in combination with Kd values derived through different approaches, (2) sediment ecotoxicity data,  (3) soil ecotoxicity data and soil  bioavailability models and (4) mesocosm/field ecotoxicity.  
1. Equilibrium partitioning approach

Using the EqP approach, HC5-50sediment (EP) values were derived for seven EU scenario’s, representative for the physico-chemical characteristics of EU surface waters (see aquatic effects section).  The scenario-specific HC5-50sediment (EP) values were calculated from the scenario-specific aquatic HC5-50 values (using 139 NOECS from 27 species, including 7 benthic species) and the application of following Kd values : the EU median Kd suspended solids, the EU median Kd sediment, scenario’specific Kd values,  calculated from WHAM VI Kd (WHAM).  Considering the relevance of organic carbon binding, all values were normalized for their organic carbon content. These approaches resulted in the HC5-50 sediment (EP SS) of 2359 to 6684 mg Cu/kg OC,  HC5-50 sediment (EP Sed)  of 3808 to 13278 mg Cu/kg OC and HC5-50 sediment (WHAM) of 1833 to 4183 mg Cu/kg OC. For each approach, the lowest HC5-50s (1833 to 3808 mg Cu/kg OC) were selected as the reasonable worst case HC5-50sediment (EP)  values    

2. PNEC derivation using the sediment effect data set (SSD approach)
Chronic toxicity data were extracted from scientific publications, existing databases and research activities. Application of stringent quality criteria data to the extracted chronic toxicity data resulted in a final ‘high quality’ dataset of 106 individual chronic NOEC values for 6 different sediment-dwelling organisms i.e. the ampiphod Hyalella azteca (25 individual NOEC values) and Gammarus pulex (6 individual NOEC values), the oligochaete Tubifex tubifex (39 individual NOEC values) and Lumbriculus variegatus (3 individual NOEC values), the insect Chironomus riparius (27 individual NOEC values) and the insect Hexagenia (6 NOEC values). The selected NOEC range of the non-normalized data ranged between 18.3 mg/kg dry wt. and >3,158 mg/kg. dry wt. (min-max value).

In order to better understand the observed differences in intraspecies sensitivity for copper the effect of specific sediment characteristics on the chronic toxicity of Cu towards the benthic organisms was further evaluated and revealed the importance of organic carbon and the Acid Volatile Sulfide
 pool controlled the chronic toxicity of Cu towards sediment-dwelling organisms.  The derivation of the freshwater PNEC oxic sediment for copper has been based on the organic carbon normalized dataset, containing only low AVS sediments. Since a relatively large effects data set is available for the sediment compartment (6 species-specific data points representing 62 NOEC values screened to be representative of reasonable worst case conditions (low AVS levels) it was deemed appropriate to estimate the PNEC freshwater sediment using the statistical extrapolation methodology. The HC5-50 sediment (SSD)  and their 5th/95th confidence limits),  using the best fitting and log normal fittings are respectively 1741 (1112-2071) and 2021 (1963-2110) mg Cu/kg OC.  The log normal distribution was used for the risk characterisation. 
3.PNEC derivation using the soil  effect data set (SSD approach 

Considering sediments as “wet soils” allows for a comparison  between the HC5-50 values, derived from sediment NOECs with OC normalization and the HC5-50 values derived from soil NOEC data  (251 NOECs, covering 19 species of plants/invertebrates and 9 microbial endpoints) and soil bioavailability models  (pH, OC and CEC normalizations).  The comparison, for a range of representative sediment scenario’s, shows that,  the HC5-50s estimated from respectively sediment and soil data are highly correlated and that the HC5-50 values derived from the sediment NOECs/OC normalization was on average between a factor 0.7 to 0.8  below HC5-50 values derived from soil NOECs/bioavailability models. This comparison therefore adds further evidence on the protective nature of the HC5-50sediment SSD values, derived from benthic ecotoxicity tests.  

4. PNEC derivation using mesocosm and field data

Sediment threshold values and benthic NOECs are available from 4 mesocosm studies and one field cohort study. The studies cover ecotoxicological relevant endpoints for a wide range of taxonomic groups important for the benthic structure as well as the benthic functions (e.g. microbial degradation).  The lowest mesocosm organic carbon normalized NOEC (4285 mg Cu/kg OC)  is a factor 2.1 (best fit) to 2.5 (log normal) above the HC5-50sediment (benthic SSD).  An organic carbon based HC5-50sediment (mesocosm SSD) (5th and 95th Confidence limits) was calculated  as 3007 (2204-3743) mg Cu/kg OC.  The mesocosm HC5-50 is a factor 1.5 to 1.7 above the derived HC5-50sediment (benthic SSD) (not significant at 0.05 level but significant differences at the 01 level).   The mesocosm data therefore clearly demonstrate that the HC5-50sediment values, derived through equilibrium partitioning and single species sediment toxicity testing  are protective for a wide range of benthic organisms, tested in a variety of conditions.  The mesocosm validations include multi-exposure routes and multi-species interactions and account for benthic structures as well as functions (including sediment decomposition).  

From this analysis it is concluded that the HC5-50 sediment-SSD obtained from the sediment ecotoxicity data and obtained from the log normal distributions (1741 mg Cu/kg dry weight)  will protect benthic organisms from  copper exposures under oxic conditions.  This HC5-50 was finally converted to a dry weight HC5-50 of 87.1 (log normal distribution), using a weight fraction of 0.05 organic carbon (kg Oc/kg solid) for a standard EU sediment (cfr TGD 2003).   These initial threshold value are more conservative  than the PNEC derived from the equilibrium partitioning approach and mesocosm threshold values and were therefore proposed as PNEC sediment.   
The proposal for final PNEC setting follows a weight of evidence approach whereby the single species sediment studies are used as a basis.  The uncertainty considerations cover 1) the overall quality of the database and the end-points covered (e.g., if all the data are generated from “true” chronic studies), 2) the diversity and representativeness of the taxonomic groups covered by the database, 3) the statistical uncertainties around the 5th percentile estimate, 4) information on the mode of action, and 5) comparisons between the 5th percentile of the single species SSD and mesocosm/field copper sensitivities to evaluate the laboratory to field extrapolation and 6) validations from mesocosm.
· The analysis of the remaining uncertainties on the Cu-sediment effect database reveals only ecological relevant endpoints.  The chronic Cu-sediment data properly reflect the variability in physico-chemical conditions encountered in European sediments and the database covers sensitive life stages and real ‘chronic’ exposure times. 

· Unlike the water compartment there are no strict rules to apply on the sediment compartment on the number of species and NOEC needed to construct a SSD for the sediment compartment. High quality chronic NOEC values (Q1) (62 NOEC values in total) are available for 6 different sediment-dwelling invertebrates, belonging to 3 different families (i.e. oligochaetes, crustaceans and insects) with different feeding habits, sensitivities and ecological niches.  Additional supportive evidence from Q2 data was further obtained for 2 additional species: Chironomus tentans and Gamarus lacustris, with  LC50 values ranging between 85 and 2296  mg Cu/kg dry weight.   

· The probability distribution of the Cu sediment dataset used for the calculations of the 5th percentile values has been checked with the Anderson-Darling goodness-of-fit test. Based on this analysis, a best fit was achieved with the Beta distribution function. The relatively small difference between the one-sided 95% left and the 50% confidence limit together with the goodness-of-fit statistic reflect the good performance of this distribution for the Cu-sediment effect dataset. 

· Other information on the sensitivity of the benthic species was obtained from ecotoxicity studies with water only exposure.  Measured benthic chronic waterborne NOEC/EC50 data for 21 species
 including amphipods, oligochaetes, insects, molluscs, crayfish, prawns, benthic diatoms, cyanobacteria and macrophytes are available. From this analysis it was concluded  that in general benthic species are not more sensitive than pelagic species  and that the current PNEC water is protective for the benthic community.   The results further showed that pelagic phytoplanktonic algae are more sensitive than single species benthic cultures, the latter being less sensitive than the natural biofilms due to a reduced bioavailability in the biofilm due to a dense mucous matrix (organic matter, silt particles).   

· Additional information on sediment toxicity from the equilibrium partitioning approach and from comparison of soil ecotoxicity data demonstrated the robustness of the PNEC sediment derived.

· Additional information on sediment toxicity from the available mesocosms data and other field data demonstrate that, when linking effects to the pelagic and sediment compartments, effects to the pelagic compartments are observed prior (at lower exposure concentrations) to  ones observed for the sediment compartments.   The mesocosm data also provide supportive evidence indicating that the derived single-species PNEC value of 31.8  µmol/g OC are protective and do not warrant an extrapolation factor to account for extrapolation from single species laboratory studies to multi-species field situations. 

The uncertainty analysis therefore revealed that there was no need for applying an additional assessment factor on the HC5 value and that the HC5 value of 87 mg/kg dry weight (log normal,  sediment with 5 % O.C.) and 105 mg Cu/kg dry weigh (best fitting,  sediment with 5 % O.C.) can indeed be considered as reliable  PNECs oxic sediment.   The investigation also showed that the PNEC water is protective for pelagic as well as benthic communities. 

The PNEC sediment  (log normal distribution)  of 87 mg/kg dry weight  has been used as the basic safe threshold value for sediments, characterized by low AVS content (median AVS of 0.15 mM AVS/kg dry weight)). 
In case of natural sediments both the amount of AVS and organic carbon present in the sediment will dictate the observed effect levels for copper and be used for the risk characterisation. 
3.3.2.5 PNEC derivation for the pelagic marine compartment 
For the setting of a marine PNEC, a high quality Q1 database was collected.  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). 

An organic carbon normalisation was carried out and the HC5-50 was derived at a DOC level, typical for coastal area’s (2 mg/l). From the Q1 data, HC5-50 values of 4.4 µg Cu/L (log normal distribution) and 5.2 µg Cu/l (best fitting distribution), were thus derived.  The log normal distribution showed only marginal acceptance in the goodness of fit tests.   Additional semi—parametric statistical analysis of the Q1 NOECs, the evaluations of  Q2 and Q3 NOECs and the additional assessment of EC50s from single species and multi-species marine studies added weight to the validity of the HC5-50 value derived from the best fitting distribution.  Considering the available weight of evidence, the HC5-50 of 5.2 µg Cu/L was used as a basis for the PNEC derivation. In the absence of a  high quality mesocosm, an assessment factor 2 has been applied on the HC5-50 and a marine PNEC of 2.6 µg Cu/L was derived and carried forward to the risk characterization.  

TCNES agreed that, considering the large amount of information available that this assessment factor could be reduced to 1 if the HC5-50 can be validated with mesocosm data. 
3.3.2.6 PNEC derivation for the pelagic marine compartment 

 No reliable, relevant toxicity data in sediment could be identified in peer-reviewed publications or other public domains. The PNECsediment was therefore calculated using the equilibrium partitioning method, The partitioning method resulted in a PNEC of 144 mg/kg dwt (estuarine environment) and  338 mg/kg dwt (marine environment) (suspended solids method)  when using the marine pelagic PNEC of 2.6 µg Cu/L and median partitioning coefficients for respectively estuarine and marine waters. 

3.3.2.7 PNEC derivation for the terrestrial compartment

A similar approach as for the aquatic compartment was used for the derivation of safe thresholds for the terrestrial compartment. Chronic toxicity data were extracted from scientific publications, existing databases and research activities. Application of stringent quality criteria to the extracted chronic toxicity data resulted in a final ‘high quality’ dataset of 251 individual chronic NOEC/EC10 values from 30 different species and processes representing different trophic levels, i.e. (decomposers, primary producers, primary consumers):
· Plants: 68 NOEC/EC10 values; monocotyle and dicotyle plants including agricultural and wild species belonging to 9 different species and 5 different families (Polygonum convolvulus – family of the Polyonaceae; Lycopersicon esculentum – family of the Solanaceae; Hordeum vulgare, Avena sativa, Pao annua – family of the Poaceae; Senecio vulgaris, Andryala integrifolia, Hypochoeris radicata – family of the Asteraceae; Lolium perenne – family of the Gramineae)

· Invertebrates: 105 NOEC/EC10 values; hard en soft bodied organisms with different feeding strategies belonging to 12 different species and 6 different families (i.e. the Eisenia andrei, Eisenia fetida,  Lumbriculus rubellus, Dendrobaena rubida, Octalasium cyaneum belonging to the family of the Lumbricidae; Cognettia sphagnetorum to the family of the Enchytraedae; Isotoma viridis, Folsomia candida, Folsomia fimetaria to the family of the Isotomidae; Hypoaspis aculeifer to the family of the Laelapidae, Platynothrus peltifer to the family of the Camisiidae, Plectus acuminatus to the family of the Plectidae). 

· Microbial processes : 78 NOEC/EC10 values; 9 endpoints: 6 different functions representing the C- and N-cycle i.e. respiration (maize, substrate-induced, litter decomposition, glutamic acid decomposition), N-mineralisation, denitrification, nitrification, ammonification, and 3 endpoints measuring microbial biomass (biomass C, biomass N, ATP content).

For several species and functions, multiple data were available for the same endpoints (for some endpoints more than 20 data). Toxicity data differed widely: up to a factor 24 for plants, up to a factor 48 for invertebrates and to a factor 73 for micro-organisms. A research project was set-up to understand and explain the differences in toxicity. Research results showed that differences in toxicity can be attributed to differences in bioavailability, the latter related to differences in soil properties and to differences in ageing and application mode and rate (leaching or ionic strength effect). 

Influence of soil properties on the toxicity of copper in soils 

A total of 7 regression models were derived to predict toxicity of copper to terrestrial organisms for a wide range of soil types: 2 for plants (1 monocotyle and 1 dicotyle plant); 2 for invertebrates (1 for soft-bodied and 1 for hard-bodied invertebrates’); 3 for micro-organisms functions (1 related to the N-cycle and 2 related to the C-cycle). The parameter explaining best the variability in toxicity for most of the endpoints is the CEC. The models were applied on the ecotoxicity database as follows:

For plants, the L. esculentum model (endpoint yield) was applied only on data for tomato while all other plant data were normalised using the H. vulgare root elongation model because this endpoint is the most sensitive for plants. For the invertebrates the E. fetida model was used to normalise all soft-bodied species, while the F. candida model was used to normalise all hard-bodied species. For the microbial processes, all NOEC/EC10 values related to the N-cycle were normalised based on the CEC slope of the nitrifying micro-organisms. The maize respiration model was used for normalisation of all microbial processes using a natural substrate. All other microbial processes were normalised using the substrate induced respiration model.

Application of these models on the database significantly lowered the variability in the toxicity data where multiple data are available for the same endpoint. The intra-species and functions variability after normalization was drastically reduced and allowed the derivation of meaningful geometric mean NOEC/EC10 values for each endpoint. For each species, the lowest endpoint-specific geometric mean value was used as input into the SSD.

An additional benefit of these models is that it allows the derivation of soil or soil type specific SSDs and so PNEC values.

Influence of ageing and salt effect (leaching-ageing factor)

Extensive research was done to investigate the differences in toxicity of copper to terrestrial organisms between lab spiked soils and field contaminated soils. This research included ecotoxicity tests with single species and microbial functions in lab and field and mechanistic research to explain the mechanisms behind the reduction in toxicity. On the basis of this research and available literature data an extensive database was collected including 37 paired ecotoxicity data for 7 different soils including several acid sandy soils. No significant differences could be found between soil types or between trophic levels. A conservative leaching-ageing factor of 2 was derived based on the 25-percentile of the ecotoxicity database. This factor was supported by the mechanistic research on ageing and ionic strength (leaching) effects. 

For the normalisation of the ecotoxicity data, first the leaching-ageing factor was applied on all added NOEC/EC10 values. These adjusted values were subsequently normalised to representative EU soils using the relevant regression models, generating so soil type specific HC5-50 values. The representative EU soils were defined previously in the multi-metal papers and were also used in the Ni-RA. For the risk characterisation, soil types were retained of which the values of the physico-chemical soil properties influencing bioavailability and toxicity of copper fall within the 10P-90P of the EU frequency distribution. Considering that both the added and the background copper concentrations may contribute to the observed effects, this risk assessment implements the total risk approach.

Derivation of the HC5-50

A Species Sensitivity Distributions was constructed using the normalised NOEC/EC10 data. Using the SSD fitting model which results in the smallest uncertainty around the HC5, the median fifth percentile (HC5-50) was derived. The HC5-50 values ranged between 73.1 and 172.8 mg Cu/kgdw for the defined soil types using the best-fitting model and between 78.9 and 172.8 mg Cu/kgdw using the log-normal model.
Derivation of the PNEC

The final proposed PNEC is derived from the HC-50 and takes into account the uncertainty  on the HC5-50. An uncertainty analysis was made including an evaluation of 1) the overall quality of the database and the end-points covered (e.g., if all the data are generated from “true” chronic studies), 2) the diversity and representativeness of the taxonomic groups covered by the database, 3) corrections for differences in bioavailability (soil properties), 4) the statistical uncertainties around the 5th percentile estimate, 5) NOEC values below the HC5-50 and 6) field and mesocosm studies and a comparisons of their results with the HC5-50.
Conclusions from the uncertainty analysis:

The terrestrial database covers only chronic ecological relevant endpoints, obtained in soils which reflect the variability in physico-chemical conditions encountered in European soils. The terrestrial database largely fulfils the TGD (2003) requirement of 10-15 different NOEC values:

-Models have been developed and applied which allow for the normalisation of the ecotoxicity data towards similar soil conditions and consequently for a significant reduction of the variability. Further, these models are applicable for a wide range of EU soils covering the 10P-90P -and beyond- of soil properties influencing the bioavailability of copper and allow for the derivation of specific SSDs and so HC5-50 values.
-A conservative leaching-ageing factor is available to correct for differences between lab and field findings due to leaching-ageing effects. 
- HC5-50-values can be derived for a range of EU soil types, using both the best-fit and log-normal models. The former gives the smallest uncertainty around the HC5, reflected in the small differences between HC5 and HC5-50 and between HC5-50 and HC5-95.
- Only 1 single data point out of 28 is found below the HC5-50 in 5 out of 6 evaluated soil types. The LOEC value –which is around the EC10- is however well above the HC5-50. 

- A total of 8 single species studies are available in which the toxicity of Cu to micro-organisms, invertebrates and plants in field contaminated aged soils was investigated for a wide range of European soil types (peaty, sandy, clay). A total of 5 multi-species studies are available, 3 of which studied the effects of copper in freshly spiked soils and 2 in field contaminated aged soils. Several of the soils are expected to be more sensitive to copper (sandy soils, low pH, low CEC). Invertebrates, plants and micro-organisms were studied. Single species and multi-species studies indicate the HC5-50 to be protective in the field.

On the basis of this uncertainty analysis, it was concluded that the HC5-50 can be considered robust and an AF of 1 to be sufficient, resulting in a PNEC-soil ranging between 73.1 and 172.8 mg Cu/kgdw for the defined EU soil types using the best-fitting model and between 78.9 and 172.8 mg Cu/kgdw using the log-normal model. The PNECs, from the log-normal model are used for the risk characterization.
3.3.3 Exposure data from production and fabrication

EU coverage, representativeness and data gap analysis (section 3.1.2.2) Table 3‑4 provides an overview of the copper production by sector and the coverage of these sectors in the RA report.

Table 3‑4: EU coverage (Q3 answers)  of the analysis, as compared to the EU statistics, the Q3 data that were used for the assessment and the  company specific default scenarios applied (= when information on production tonnage was provided but no information on copper emissions were provided or available (all data in tonnage/year)
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The statistics used are IWCC (International Wrought Copper Council) statistics of 1999, available in 2001, when the copper RA data gathering started. The company specific information includes more recent information. Although some companies, who originally responded to the RA questionnaires, have been closed since 1999, to remain consistent with the 1999 statistics, this has not been accounted for in the statistics and therefore the analysis of the coverage is a somewhat underestimation of the real situation. 

From the representativeness analysis it was concluded that local emission data can be considered as representative for the following sectors/activities: Cu refining/smelting (100% coverage); Wirerod production (74% coverage); Casting billets and plates (91% coverage); Semis production (89% coverage); Cu powder production (85% coverage); Cu chemical production (70%).
Low tonnage or number of sites based coverage percentages (4-28%) are derived for the following sectors/activities: Cables manufacturers (drawing, rolling cables) (28%); Casting ingots (23%); Sand and die casting (4%). Due to the limited coverage for these sectors an additional assessment (generic exposure scenario) was performed on the basis of the non-covered tonnage of the sector. The additional generic scenario for the Cu chemical production sector is performed due to the need for full coverage of any producing sector (Cu metal or Cu chemicals). 
From the data gap analysis of the local exposure data of Cu and Cu compounds it can be concluded that the main data gaps for the different industry sectors are:

· Flow rate of the receiving water: crucial for the calculation of site specific dilution factor; is lacking for refiners and smelters (available for 5/10 companies + 3 sites discharging to the marine environment + 1 site discharging to STP), wire-rod and cables producers (6/18 + 3 sites discharging to the marine environment + 2 sites discharging to STP), ingots and shapes fabricators (2/12), semis producers (24/48 + 4 sites discharge to the marine environment + 12 sites discharging to STP), copper compounds and powder producers (5/13 + 1 site discharging to the marine environment).

· For the ingots and sand and die casting sector verification of the emission factors presented for water and air is needed in order to obtain realistic representative emission factors for this sector.

· For the copper compounds and powders producers the emission factors are derived on the basis of a very limited dataset. Confirmation of these values is needed in order to get realistic estimates of exposure.

· Monitoring data for water, sediment, air, aerial deposition rates, soil (all sectors)

Furthermore, it is important to note that a limited number of sites did not submit environmental information (Q3). Additionally, an extensive number of downstream users stated that they did not have any information available on emissions to water or air (no legal requirements to measure). For these sites a generic scenario was performed –using site-specific production volumes and maximum representative emission factors for the sector. 

Summary of the local exposure assessment for producers and fabricators – site specific information (section 3.1.4.2)

Aquatic compartment 
a. Water

The results of the sector-specific exposure calculations for the aquatic compartment (water) are summarised in 
Figure 3‑5
. The results of the real case situation (STP treatment if appropriate) -considered as most relevant- are presented.
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Figure 3‑5   Distribution of site-specific PECtotal values (µg Cu/l, log scale) in surface water for the different industry sectors. The PECtotal value for each individual site was derived as Clocalsite (µg/l) + PECtotalregional (2.9 µg/l)

· For refiners and smelters (R) calculated PECtotal levels in surface water vary between 2.04 µg/l (measured country-specific regional backgroundtotal = 1.90 µg/l) and 7.73 µg/l. The sector median (50th percentile) PECtotal in surface water is 3.58 µg/l (municipal STP taken into account).

· For wire-rod and cables producers (C) calculated PECtotal levels in surface water vary between 0.50 µg/l (measured country-specific regional backgroundtotal = 0.5 µg/l) and 8.15 µg/l. The sector median (50th percentile) PECtotal in surface water is 3.28 µg/l (municipal STP taken into account).

· For ingots and shapes fabricators (I) calculated PECtotal levels in surface water vary between 1.80 µg/l (measured country-specific regional backgroundtotal = 1.80 µg/l) and 8.40 µg/l. The sector median (50th percentile) PECtotal in surface water is 2.90 µg/l (municipal STP taken into account).

· For semis producers (S) calculated PECtotal levels in surface water vary between 2.9 µg/l (measured regional backgroundtotal = 2.9 µg/l) and 52.3 µg/l. Elevated copper concentrations were observed for some sites ECI-38: 16.3 µg/l, ECI-46: 52.3 µg Cu/L and ECI-74: 38.7 µg/l (generic). For the other sites added local Cu concentrations in surface water are below 7.81 µg/l. The sector median PECtotal in surface water is 3.89 µg/l (municipal STP taken into account).

· For copper compounds and powder producers (X) calculated PECtotal levels in surface water vary between 2.73 µg/l (measured country specific regional backgroundtotal = 2.73 µg/l) and 165 µg/l. For all other sites Cu concentrations below 20.8 µg/l were calculated. The sector median (50th percentile) PECtotal in surface water is 5.0 µg/l (municipal STP taken into account).

b. Sediment

The results of the sector-specific exposure calculations for the aquatic compartment (sediment) are summarised in Figure 3‑6. The partitioning methodology used to calculate the Csediment from Csurface water leads to elevated sediment concentrations for the sites for which elevated surface water concentrations are observed.

Figure 3‑6    Distribution of site-specific PECtotal values (mg Cu/dw, log scale) in sediment for the different industry sectors. The PECtotal value for each individual site was derived as Clocalsite (mg/kg dw) + PECtotalregional (67.5 mg/kg dw)
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· For refiners and smelters (R) PECtotal levels in sediment vary between 56.5 mg/kg dw and 215 mg/kg dw. The sector median (50th percentile) PECtotal in sediment is 78.2 mg/kg dw (municipal STP taken into account).

· For wire-rod and cables producers (C) PECtotal levels in sediment vary between 46.8 mg/kg dw and 224 mg/kg dw. The sector median (50th percentile) PECtotal in sediment is 67.6 mg/kg dw (municipal STP taken into account).

· For ingots and shapes fabricators (I) PECtotal levels in sediment vary between 46.8 mg/kg dw and 211 mg/kg dw. The sector median (50th percentile) PECtotal in sediment is 57.8 mg/kg dw (municipal STP taken into account).

· For semis producers (S) PECtotal levels in sediment vary between 46.8 mg/kg dw and 1548 mg/kg dw. The sector median (50th percentile) PECtotal in sediment is 78.3 mg/kg dw (municipal STP taken into account).

· For copper compounds and powder producers (X) PECtotal levels in sediment vary between 67.5 mg/kg dw and 4908 mg/kg dw. The sector median (50th percentile) PECtotal in sediment is 89.6 mg/kg dw (municipal STP taken into account).

Terrestrial compartment

The results of the sector-specific exposure calculations for the soil compartment are summarised in Figure 3‑7. The results of the real case situation (application of municipal STP sludge to agricultural soil if appropriate) are presented.

Annex I Table AI.1 summarises the local PEC values using the ambient background values of agricultural soils.

Figure 3‑7    Distribution of site-specific PECtotal values (mg Cu/dw, log scale) in soil for the different industry sectors. The PECtotal value for each individual site was derived as Clocalsite (mg/kg dw) + PECtotalregional (24.4 mg/kg dw or country specific value if available)
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· For refiners and smelters (R) calculated PECtotal values in soil vary between 23.7 mg/kg dw and 32.2 mg/kg dw. The sector median (50th percentile) PECtotal value in soil is 24.9 mg/kg dw (STP sludge applied). 

· For wire-rod and cables producers (C) calculated PECtotal values in soil vary between 23.4 mg/kg dw and 25.7 mg/kg dw. The sector median (50th percentile) PECtotal value in soil is 24.4 mg/kg dw (STP sludge applied). 

· For ingots and shapes fabricators (I) calculated PECtotal values in soil vary between 23.4 mg/kg dw and 40.3 mg/kg dw. The sector median (50th percentile) PECtotal value in soil is 24.4 mg/kg dw (STP sludge applied). 

· For semis producers (S) calculated PECtotal values in soil vary between 7.5 mg/kg dw and 34.4 mg/kg dw. The sector median (50th percentile) PECtotal value in soil is 24.4 mg/kg dw (STP sludge applied). 

· For copper compounds and powder producers (X) calculated PECtotal values in soil vary between 23.4 mg/kg dw and 32.1 mg/kg dw. The sector median (50th percentile) PECtotal value in soil is 24.4 mg/kg dw (STP sludge applied).

3.3.4 Local risk characterisation for producers and fabricators – site specific information

3.3.4.1 Aquatic compartment
All PEC calculations are based on the 90th percentile concentration obtained for each site and the addition of the region specific 90th percentile PEC concentrations as defined in the exposure assessment, if data are available
 and summarized in Table 3‑16. The RCRs were derived in the step-wise approach.
3.3.4.1.1 Step-wise approach 1 : Paired PEC-PNEC data 

Measured data on all abiotic parameters -pH, DOC, hardness, (Ca, Mg) - are available for a specific river/lake where the local effluent is discharged into and a normalised site/river-specific HC5-50 value is derived by means of the user-friendly Cu-BLM (yielding slightly lower HC5-50 values than the ETX RIVM tool). The PEClocal value is compared to this derived PNEClocal. 

The Step-wise approach 1 was carried out 9 sites from which information on abiotic parameters is received 
The sites are:
- production sites ECI-53, 54, 55, 71

- cables site ECI-78

- Semis sites ECI-40, ECI 70
- Chemicals site ECI-88

The PECs and corrected PNECs are reported in the (Table 3‑5). The table also provides the parameters used for the bioavailability correction. 

3.3.4.1.2 Step-wise approach 2  : Estimated PNECs
a. Using some site-specific data 
For some sites,  measured data are available for most of the abiotic parameters; e.g. specific data on hardness and pH, but no measurements on DOC,  the lacking abiotic factors were estimated in a cautious/justified and reliable way. In practice, as a reasonable worst case approach the 10P of the lacking parameter e.g. DOC: 2.6 mg/l is used 
. If the lacking parameter is estimated, the assessment is proceeded as described under Step-wise approach 1: Calculate PNECriver/lake based on the parameters followed by Risk Characterisation. If a potential problem is identified a further refinement is warranted and additional data on abiotic parameters can be collected (sampling to determine abiotic factors for specific river/lake).

Stepwise-approach 2,   estimation of the PNEC whereby some physico-chemistry is known  is performed for 6 sites:

· Cables site ECI-76

· Semis sites ECI-12, 15, 28, 79

In most cases, DOC or Ca, Mg (hardness) is not reported by the sites and is estimated from other sources in a cautious/justified and reliable way (10P of DOC or 10P of hardness is used (SWAD database); i.e. 2.6 mg/l and 37 mg CaCO3/l (pH<8.1); if pH>8.1, a median hardness of 99 mg CaCO3/l is used). In case of DOC estimations (the most critical BLM parameter), the derived PNEC was additionally compared with the GIS derived BLM PNEC
 or region-specific RWC derived PNEC (10th P of the area based or point based distributions of PNECs - see section 3.3.2, Table 3‑6)) and the most appropriate value carried forward to the risk characterisation.  For one site (ECI-15, Austria), the GIS derived BLM PNEC was below the PNEC calculated with the EU wide RWC DOC and therefore, the lowest value (GIS derived BLM PNEC) was used for the risk characterisation. The PECs and corrected PNECs are reported in the (Table 3‑5 and Table 3‑6). The table also provides the parameters used for the bioavailability correction. 
b. Using Georeferences PNECs (GIS PNECs) and region-specific RWC PNECs 

Where local/regional PEC data could not be coupled, the regional/site-specific BLM normalized PNEC values were derived from site-specific GIS derived BLM PNEC calculations (see section 3.3.1 and 3.3.2.2) and from the RWC of the region (Table 3‑6).  GIS mapped PNECs are available for Austria, France  and UK. GIS derived PNECs were calculated for 23 sites:
- production site ECI-07

- Wirerods and cables sites: ECI-17, ECI-57, ECI-59 and ECI 62

- Ingots sites:  ECI 21, ECI-65, ECI-111 and ECI-115

- Semis sites : ECI-14, ECI-15, ECI-20, ECI-29, ECI 36, ECI-37, ECI-38,ECI-39, ECI-46, ECI-48, ECI-49, ECI-51,ECI-94
- Powders/chemicals site ECI-106
 In absence of Step-wise approach 1 and GIS derived PNECs, the  region-specific RWC (10thP of Table 3‑6) was used for the local risk characterization.  

As sensitivity analysis, the risk characterization conclusions drawn by using the site-specific GIS derived BLM PNECs are further compared with the risk characterization conclusions drawn by using the RWC PNECs for the regions.  The comparison shows that in most cases, the risk characterization conclusions, using GIS derived BLM PNECs or region-specific RWC PNECS are the same with exception of two sites : 
· site ECI 115 : no risk for the GIS calculated PNEC, a marginal risk (1.08) when using the RWC for the region.  
· Site ECI 37 : no risk for the GIS derived BLM PNEC, a marginal risk (1.37) when using the RWC for the region.  

The GIS derived BLM PNECs will therefore be carried  forward to the risk conclusions

As sensitivity analysis, the  risk characterization conclusions drawn by using  RWC region-specific PNECs, Table 3‑6)  was further compared with the ones from Step-wise approach 3 (using the RWC default PNEC values (7.8 µg Cu/L) –see below). The risk characterisation conclusions drawn from the Step-wise approach 2 –RWC region-specific and Step-wise approach 3 analysis are the same.

In absence of Step-wise approach 1 and Step-wise approach 2 (-GIS derived BLM PNEC), the Step-wise approach 2 (region-specific PNECs) will therefore carried  forward to the risk conclusions

For sites emitting to the marine environment, the coastal PNEC value of 2.6 µgCu/l (log normal distribution as was used.  
3.3.4.1.3 Step-wise approach 3: default PNEC 

Where no step-wise approach 2 risk characterization could be carried out, a Step-wise approach 3  risk characterisation was performed using the EU-RWC default PNEC values (7.8 µg Cu/L) (see Table 3‑6). 

3.3.4.1.4 Conclusions 

Site-specific bioavailability-corrected PNECs-local, obtained from the step-wise approaches 1 to 3 vary between 3-321 µg/l. The PECs-local vary between 0-165 µg/l. 
From the risk characterization ratio’s,  the following conclusions can be made: 

- For the smelters/refiners, no sites show risks.
- For the wire-rods and cables sector, no sites show risks 
- For the ingots and die-casting sector, no sites show risks 
- For the semis sector, three  sites shows a potential risk:  ECI-38 (RCR of 2.0, Step-wise approach 2 GIS),  ECI-46 (RCR of 1.5 Step-wise approach 2, GIS) and  ECI-74 (RCR of 3.3. Step-wise approach 2, RWC country).

- For chemicals and powders, 3 sites show potential risks: ECI-06 (RCR of 17.7; Step-wise approach 2  RWC country), ECI-109 (RCR of 1.3; Step-wise approach 2 RWC country) and ECI-110 (RCR of 2.1; Step-wise approach 2 RWC country ).

All sites with RCR >1 are sites from the step-wise approach 2, whereby more detailed site-specific information on bioavailability could potentially reverse the conclusions iii.
Table 3‑5 : Overview of risk characterisation results (RCR) for local sites – modelling results (PEC_local_water, based on year 2000 emission data)

- RCR worst case: PEC_local / PNEC worst case -based on lowest HC5-50% of 7.8 µg/l for ecoregion (scenario UK, river Otter, best fit). 

- RCR bioavailability correction: PEC_local/PNEC_site specific_read across_ecoregion;  Step-wise approach 1, 2: level of detail of assessment (see methodology); Step-wise approach 1 site-specific with all parameters available; Step-wise approach 2 : site-specific with most of the parameters available); 

Parameters used for bioavailability correction:  site-specific physico-chemical data submitted by the local sites: pH, hardness, Ca, Mg, DOC. The remarks section mentions which parameters are estimated from other sources (read-across). In case of DOC estimations (the most critical BLM parameter), the derived PNEC was compared with the GIS- derived PNEC or region-specific RWC derived PNEC (if no GIS PNEC could be derived) and the most appropriate value carried forward to the risk characterisation.
	Site ID
	C_local

modelled
	PEC_local

modelled

(reg. Bg=2.9 µg/l unless otherwise specified)
	RCR worst case

=PEC_local/

PNECworst case

HC5-50% =7.8 µg/; lowest ecoregion

AF=1 
	PNEC

bioav. correct.

HC5-50%; 

Site-specific

/read-across
PNECcorr.


	RCR bioav. corr.

PEC_local/PNECbiov. Corr.


	STEP-WISE APPROACH
1: Site-specific.

2: Read-across, 
	Parameters used for bioavailability correction

	
	µg/l
	µg/l
	-
	µg/l
	-
	
	pH 
	Hardness

(mg CaCO3/l)
	Ca, Mg

(mg/l)
	DOC (mg C/l)
	Ecoregion
	Remarks

	PRODUCTION
	
	
	
	
	
	
	
	
	
	
	
	

	ECI-53
	2.61
	4.51
	0.58
	29.45
	0.15
	Step-wise approach 1: site-specific
	7.1 (year 2005)
	15.7 (calculated
	Ca: 0.09 

Mg: 3.75

ND; Ca: 0.03-0.15 mg/l; Mg (2.5-5.0 mg/l; dependent on season; year 2005)
	DOC: 5.75

TOC: 9-14 mg/l (2005)
	River
	DOC=TOC/2



	ECI-54
	0.085
	4.38
	0.56
	6.81
	0.64
	Step-wise approach 1: site-specific
	8

7.8-8.2 (about 100m-200m downstream from discharge point, 2006)
	466 (calculated)

ND
	Ca: 140 mg/l; Mg: 28.3 mg/l
	DOC=

2.93

TOC is available: 3.5-8.2 mg C/l (according to German standard, unfiltrated sample)
	River
	DOC=TOC/2

Ca, Mg: river specific data, environment agency (internet). 

Hardness: calculated

	ECI-55
	0.21
	4.51
	0.58
	18.7
	0.24
	Step-wise approach 1: site-specific
	7.9

pH upstream: avg: 8.5 (7.9-9.2); pH downstream: avg: 7.9; 7.4-8.7 (min-max)
	253
	Ca: 81.1 mg/l (avg, 2005, public info); Mg: 12.3 mg/l (avg, 2005, public info)
	5.6

DOC upstream: 5.7 mg C/l (avg) (1.7-7.8 mg/l); DOC downstream: 5.6 mg C/l (4.8-6.6)
	River
	

	ECI-71
	4.68
	7.73
	0.99
	23
	0.34
	Step-wise approach 1: site-specific
	7.2 (downstream, at 2 km from 2nd discharge point)
	200

19.7-20.5 °F, 200 mg CaCO3/l
	Ca: 60.1

Mg: 12.2
	6.45
	River
	

	Cables
	
	
	
	
	
	
	
	
	
	
	
	

	ECI-76
	0.14
	3.04
	0.39
	7.5
	0.41
	Step-wise approach 2, DOC  estimated
	8.1

7.8-8.3


	224

176-272


	Ca: 67.3

Mg: 13.6
	2.6
	River
	DOC not provided; estimated (10P of EU SWAD), the RWC PNEC for Spain is similar (7.3 µg Cu/L)

	ECI-78
	5.25
	8.15
	1.04
	10.4
	0.78
	Step-wise approach 1: site-specific
	7.6
	26.2°F = 262 mg CaCO3/l
	Ca: 78.8

Mg: 15.9
	2.96
	River
	

	Semis


	
	
	
	
	
	
	
	
	
	
	
	

	ECI-12
	0.87
	3.60
	0.46
	8.7
	0.41
	Step-wise approach 2, DOC  estimated
	7.2

6.8-7.5


	224

199-248


	Ca: 67.3

Mg: 13.6
	2.6
	River
	DOC not provided; estimated (10P of EU SWAD) The RWC for UK is similar (12 µg Cu/L-not used for the RC) 

	ECI-15
	0.24
	3.14
	0.40
	10.1
	0.31
	Step-wise approach 2, DOC  estimated
	7.4


	10°dH = 178 mg/l


	Ca: 53.5

Mg: 10.8
	2.6

	River
	DOC not provided; estimated (10P of EU SWAD).  The GIS estimated PNEC is 5.6 µg Cu/L and was used fior the RC

	ECI-28
	5.52
	8.42
	1.08
	39.5
	0.21
	Step-wise approach 2, hardness, Ca, Mg estimated
	8.2


	99
	Ca: 29.8
Mg: 6.0


	<10 mg/l


	River
	Hardness not provided; 50P of SWAD is used.

	ECI-40
	0.01
	2.91
	0.37
	22.9
	0.13
	Step-wise approach 1: site-specific
	7.54
	50.1 (calculated
	Ca: 13.8

Mg: 3.8
	4.83
	Lake
	

	ECI-41
	0.00
	2.90
	0.37
	22.9
	0.13
	Step-wise approach 1: site-specific
	7.54
	50.1 (calculated
	Ca: 13.8

Mg: 3.8
	4.83
	Lake
	

	ECI-70
	0.06
	3.11
	0.40
	4.5
	0.69
	Step-wise approach 1: site-specific
	7.35

pH: 7.3-7.4
	122 (calculated)
	Ca: 35.5;

Mg: 8.1

Na: 16; K: 2.6  
	DOC: <1 mg/l
	River
	

	ECI-79
	0.21
	4.51
	0.58
	8.5
	0.53
	Step-wise approach 2, hardness, Ca, Mg estimated
	7.8

7.2-8.4
	320 (calculated)
	Ca: 79.5 (69-90) (Foregs; median)

Mg: 29.5 (21-38) (Foregs, median)
	DOC: 2.75

TOC: 2-9 mg/l
	River
	Hardness not provided; Ca, Mg estimated from FOREGS, location-specific Ca, Mg  from maps (median)

	
	
	
	
	
	
	
	
	
	
	
	
	

	Chemicals
	
	
	
	
	
	
	
	
	
	
	
	

	ECI-88


	13.63
	16.53
	2.12
	321
	0.05
	Step-wise approach 1: site-specific
	7.0

U: 6.9; D: 7.0
	317

315-319 mg CaCO3/l
	Ca: 114

Mg: 8.3
	79

DOC: 78-80 mg C/l
	River
	


Table 3‑6   : Local risk characterisation for water. 
The Risk Characterisation Ratio (RCR) = PEC/PNEC.PEC = Cwater + PEC region. For freshwaters, country-specific PEC-region were used where available (Table 3‑16) otherwise, the default PEC region value of 2.9 µg Cu/L was used. For the marine sites, a regional background of 1.1 µg Cu/L was used.  The partitioning coefficients for respectively freshwater, estuarine and marine waters were used for the C water.  The basis for the freshwater PNECs, used for the RCR (most appropriate estimate) is dependent on the information available and includes:   the site-specific freshwater PNECs, derived in Table 3‑5,  the  step-wise 2 GIS based PNECs, the step-wise 2 region –specific reasonable worst case PNECs  (Table 3‑3) and the stepwise 3- EU-wide reasonable worst case PNEC (7.8 µg Cu/l). For comparison, the RCR2 and RCR3 is provided in absence of PNECs derived with  site-specific bioavailability information (Table 3‑5). The PNECs from RCR2 are the country-specific reasonable worst case PNECs from Table 3‑3.   The PNEC from RCR3 is 7.8 µg Cu/L (reasonable worst case Europe).   The marine PNEC used  is 2.6 µg Cu/L.  [image: image10.emf]N° Cwater PEC region PEC local PNEC used for RCR PNEC basis for the  RCR RCR  RCR 2 RCR3 Risk conclusion

calculated Cwater+PEC region best estimate best estimate best estimate for comparison for comparison

µg Cu/L µg Cu/L µg Cu/L µg Cu/L PNEC RWC --regions PNEC-RWC EU

SMELTERS/REFINERS 11  active sites

ECI-01 0.7 1.10 1.80 2.6 Marine  

0.69

No risk

ECI-05 0.014 1.10 1.11 2.6 Marine  

0.43

No risk

ECI-07 1.39 2.00 3.39 5.6 Step-wise 2-GIS

0.61

0.85 0.43 No risk

ECI-53 2.61 1.90 4.51 29.4 Step-wise 1

0.15

No risk

ECI-54 0.085 4.30 4.38 6.8 Step-wise 1

0.64

No risk

ECI-55 0.21 4.30 4.51 18.7 Step-wise 1

0.24

No risk

ECI-67 0.07 1.10 1.17 2.6 Marine  

0.45

No risk

ECI-71 4.68 3.05 7.73 23 Step-wise 1

0.34

No risk

ECI-72 0.32 3.05 3.37 9.3 Step-wise 2-RWC region

0.36

0.43 No risk

ECI-90 0.07 1.10 1.17 2.6 Marine  

0.45

No risk

ECI-116 (Y2000) 0.037 3.05 3.09 9.3 Step-wise 2-RWC region

0.33

0.40 No risk

ECI-116 (Y2006) 0.014 3.05 3.06 9.3 Step-wise 2-RWC region

0.33

0.39 No risk

WIRE-RODS AND CABLES 18 active sites

ECI-02 0.58 2.90 3.48 7.3 Step-wise 2-RWC region

0.48

0.45 No risk

ECI-03 0 NA No emissions, no risk

ECI-08 0.4 1.10 1.50 2.6 Marine  

0.58

No risk 

ECI-17 1.32 2.73 4.05

26.87

Step-wise 2-GIS

0.15

0.34 0.52 No risk

ECI-47 0 No emissions, no risk

ECI-57 0.38 2.90 3.28

21.47

Step-wise 2-GIS

0.15

0.42 0.42 No risk

ECI-80 (! Site has completely stopped in April 2005 .

0.00 Site closed

ECI-59DU 0.49 2.90 3.39

11.04

Step-wise 2-GIS

0.31

0.43 0.43 No risk

ECI-60DU 0 NA No emissions, no risk

ECI-61DU 0 NA No emissions, no risk

ECI-62DU 1.08 2.90 3.98

25.27

Step-wise 2-GIS

0.16

0.51 0.51 No risk

ECI-63 0 NA No emissions, no risk

ECI-66 0.06 4.30 4.36 11.7 Step-wise 2-RWC region

0.37

0.56 No risk

ECI-76 0.14 2.90 3.04 7.5 Tier 2 site-specifc

0.41

0.42 No risk

ECI-78 5.25 2.90 8.15 10.4 Step-wise 1

0.78

No risk 

ECI-92 0 No emissions, no risk

ECI-98 0.0018 1.10 1.10 2.6 Marine  

0.42

No risk 

ECI-99 0 No emissions, no risk

ECI-102 1.39 1.80 3.19 13.8 Step-wise 2-RWC region

0.23

0.41 No risk
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SEMIS 48 active sites

ECI-04 0.76 1.80 2.56 13.8 Step-wise 2-RWC region

0.19

0.33 No risk

ECI-09 0.14 4.30 4.44 11.7 Step-wise 2-RWC region

0.38

0.57 No risk

ECI-10 0.07 4.30 4.37 11.7 Step-wise 2-RWC region

0.37

0.56 No risk

ECI-10 0.03 4.30 4.33 11.7 Step-wise 2-RWC region

0.37

0.56 No risk

ECI-12 0.87 2.73 3.60

8.7

Step-wise  2 site-specific

0.41

0.30 No risk

ECI-13 0.54 4.30 4.84 11.7 Step-wise 2-RWC region

0.41

0.62 No risk

ECI-14 0.07 2.00 2.07 7.4 Step-wise 2-GIS

0.28

0.52 0.27 No risk

ECI-15 0.24 2.00 2.24 5.6 Step-wise 2-site-spec&GIS

0.40

0.56 No risk

ECI-20 0.79 2.73 3.52

26.66

Tier 2 GIS

0.13

0.29 0.45 No risk

ECI-22 0.54 1.10 1.64 2.6 Marine  

0.63

No risk

ECI-23 0 NA No emissions, no risk

ECI-24 1.41 1.10 2.51 2.6 Marine  

0.97

No risk

ECI-25 2.75 2.90 5.65 7.8 Step-wise 3

0.72

No risk

ECI-27 0.56 2.90 3.46 7.8 Step-wise 3

0.44

No risk

ECI-28 5.52 2.90 8.42 39.5 Ste-wise2- Site-specific

0.21

No risk

ECI-29 1.06 2.73 3.79

12.68

Step-wise 2-GIS

0.30

0.32 0.49 No risk

ECI-31  site closed No risk

ECI-32 0.03 4.30 4.33 11.7 Step-wise 2-RWC region

0.37

0.56 No risk

ECI-33 NA NA NA 

ECI-34 0.0001 4.30 4.30 11.7 Step-wise 2-RWC region

0.37

0.55 No risk

ECI-35 0.0006 4.30 4.30 11.7 Step-wise 2-RWC region

0.37

0.55 No risk

ECI-36 1.82 2.90 4.72

11.76

Step-wise 2-GIS

0.40

0.61 0.61 No risk

ECI-37 7.81 2.90 10.71 22.3 Step-wise 2-GIS

0.48

1.37 1.37 No risk from the Tier2 GIS

ECI-38 13.4 2.90 16.30

8.1

Step-wise 2-GIS

2.01

2.09 2.09

Risk

ECI-39 1.78 2.90 4.68

10.04

Step-wise 2-GIS

0.47

0.60 0.60 No risk

ECI-40 0.01 1.80 1.81 22.9 Step-wise 1

0.08

No risk

ECI-41 0 NA No emissions, no risk

ECI-43 0.14 1.80 1.94 13.8 Step-wise 2-RWC region

0.14

0.25 No risk

ECI-46 49.53 2.73 52.26

35.39

Step-wise 2-GIS

1.48

4.36 6.70

Risk 

ECI-48 1.01 2.73 3.74

31.43

Step-wise 2-GIS

0.12

0.31 0.48 No risk

ECI-49 1.45 2.73 4.18

27.15

Step-wise 2-GIS

0.15

0.35 0.54 No risk

ECI-51 0.34 2.00 2.34 7.4 Step-wise 2-GIS

0.32

0.59 0.30 No risk

ECI-52 1.13 1.90 3.03 7.8 Step-wise 3

0.39

No risk

ECI-56 2.45 2.90 5.35 7.8 Step-wise 2-RWC region

0.69

0.69 No risk

ECI-64 0.06 2.90 2.96 7.12 Step-wise 2-RWC region

0.42

0.38 0.38 No risk

ECI-68 0.03 3.40 3.43 19.5 Step-wise 2-RWC region

0.18

0.44 No risk

ECI-70 0.06 3.05 3.11 4.5 Step-wise 1

0.69

No risk

ECI-74 34.4 4.30 38.70 11.7 Step-wise 2-RWC region

3.31

4.96

Risk 

ECI-75 0.48 2.90 3.38 7.3 Step-wise 2-RWC region

0.46

0.43 No risk

ECI-77 0 NA No emissions, no risk

ECI-79 0.21 4.30 4.51 8.5 Step-wise 2-site-specific

0.53

0.39 No risk

ECI-80 0.3 1.10 1.40 2.6 Marine  

0.54

No risk 

ECI-81 1.38 2.90 4.28 7.8 Step-wise 3

0.55

No risk

ECI-82DU 0.38 4.30 4.68 11.7 Step-wise 2-GIS

0.40

0.60 No risk

ECI-94 0.5 2.90 3.40

7.3

Step-wise 2-GIS

0.47

0.44 0.44 No risk

ECI-96 0.01 4.30 4.31 11.7 Step-wise 2-RWC region

0.37

0.55 No risk

ECI-100 0 NA No emissions, no risk

ECI-101 0 NA No emissions, no risk
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INGOTS AND SAND-DIE CASTING 13 active sites

ECI-11 0.0039 4.30 4.30 11.7 Step-wise 2-RWC region

0.37

0.55 No risk

ECI-18 0 NA No emissions, no risk

ECI-21 0.015 2.73 2.74

35.39

Tier 2 GIS

0.08

0.23 0.35 No risk

ECI-44 0 NA No emissions, no risk

ECI-65 0.002 2.90 2.90 12.3 Tier 2 GIS

0.24

0.37 0.37 No risk

ECI-83 0 NA No emissions, no risk

ECI-84 0 NA No emissions, no risk

ECI-85 0 NA No emissions, no risk

ECI-95 0 NA No emissions, no risk

ECI-104 0.011 4.30 4.31 11.7 Step-wise 2-RWC region

0.37

0.55 No risk

ECI-111 0.37 2.90 3.27

14.58

Tier 2 GIS

0.22

0.42 0.42 No risk

ECI-114 0 NA No emissions, no risk

ECI-115 5.5 2.90 8.40

11.75

Tier 2 GIS

0.71

1.08 1.08 No risk from the Tier2 GIS

COPPER POWDERS AND CHEMICALS 13  active sites

ECI-06 161.66 3.05 164.71 9.3 Step-wise 2-RWC region

17.71

21.12

Risk 

ECI-86 Site closed Site closed

ECI-87 0.74 4.30 5.04 11.7 Step-wise 2-RWC region

0.43

0.65 No risk

ECI-88 13.63 2.90 16.53 321 Step-wise 1

0.05

No risk 

ECI-89 NA NA NA (2)

ECI-91 0 NA No emissions, no risk

ECI-93 0 NA No emissions, no risk

ECI-97 0 NA No emissions, no risk

ECI-105 0 NA No emissions, no risk

ECI-106 2.29 2.73 5.02

25.39

Step-wise 2-GIS

0.20

0.42 0.64 No risk

ECI-107 0.05 1.10 1.15 2.6  Marine  

0.44

No risk

ECI 108 Company is no longer manufacturing

NA Site closed

ECI-109 11.33 4.30 15.63 11.7 Step-wise 2-RWC region

1.34

2.00

Risk 

ECI-110 16.61 3.05 19.66 9.3 Step-wise 2-RWC region

2.11

2.52

Risk 

ECI-112 0.07 2.90 2.97 7.8 Step-wise 3

0.38

No risk

ECI 117 2.8 2.90 5.70 7.3 Step-wise 2-RWC region

0.78

0.73 No risk


	NA (1)ECI-33  discharge of cooling water only

	NA(2)ECI-89 : discharge of rainwater and cooling waters only




3.3.4.2 fRESHWATER SEDIMENT compartment

3.3.4.2.1 Step-wise approach 1 : Paired PEC-PNEC data
Site-specific measurements of copper in sediments and bioavailability parameters (organic carbon, SEM/AVS) are available for refineries ECI-53 and ECI-71, hence a site specific PNEC and PECbioavailable can be determined. 

Site ECI-53 reports measurements of Cu in sediments upstream and downstream from the discharge point of 32 mg/kg dw and 149 mg/kg dw respectively (SEMCu). The organic carbon content measured in sediments upstream and downstream of the discharge point is 3%. Therefore the calculated site-specific PNEC is 56.4 mg/kg dw. Site-specific AVS levels in sediments upstream and downstream from the discharge point are 5.32 µmol/g and 18.37 µmol/g respectively. Since SEMCu levels (32-149 mg/kg dw) are situated below the site-specific AVS values of 329 mg/kg dw - 1136 mg/kg dw; the PECbioavailable (SEM-AVS) is negative and is set to 0. It can be concluded that no risk occurs. 

For site ECI-71 a Cu in sediment level of 7.5 mg/kg dw is reported for a sampling point upstream from the plant, while the Cu concentration in sediments 100 m downstream from the discharge point is 13-14 mg/kg dw (year 2003). Earlier sediment studies report levels up to 39 mg/kg dw downstream from the discharge point (year 2001). The organic carbon content measured in sediments upstream and downstream of the discharge point is 0.89% and 2.13% respectively. The respective site-specific PNECs are 16.7 mg/kg dw (upstream) and 40 mg/kg dw (downstream). Site-specific AVS measurements are not available for this site, hence the default value is used. Since SEMCu levels (14-39 mg/kg dw) are situated below the default AVS of 48.9 mg/kg dw; the PECbioavailable (SEM-AVS) is negative and is set to 0. It can be concluded that no risk occurs as opposed to what is predicted by modelling. 

Table 3‑7    Site specific bioavailability correction/risk characterisation for sediment
	Site
	SEMCu
(mg/kg dw)
	AVS

(µmol/g)
	AVS

(mg Cu/kg dw)
	PECbioav.
(SEM-AVS)

mg/kg dw
	Organic carbon

 (%)
	PNECsite

(mg/kg dw)
	RCR site

(-)

	ECI-53
	
	
	
	
	
	
	

	upstream
	32
	5.32
	329
	0

	3
	56.4
	0

	downstream
	149
	18.37
	1136
	0
	3
	56.4
	0

	ECI-71
	
	
	
	
	
	
	

	upstream
	14
	0.77 (default)
	48.9
	0
	0.89
	16.7
	0

	downstream
	39
	0.77 (default)
	48.9
	0
	2.13
	40.0
	0


For Cu powder producer ECI-88, recent upstream and downstream measured values are reported as 15 and 41 mg/kg dw respectively (year 2005). These values are situated a factor of 11-30 below the modelled Cu concentration of 454 mg/kg dw. On the basis of measured data, a no risk conclusion can be formulated. AVS data are not available for this site.

3.3.4.2.2 Step-wise approach 3 

No information on site-specific AVS or OC values are available. The default  freshwater PNEC of 87 mg/kg dry weight was used for the risk characterisation of freshwater sediments.  Regional-specifc  PEC values were used where available (from Table 3‑36).  In absence of region-specific PEC values, the EU-wide median value  of  67.5 mg/kg dry weight (Table 3‑15) was used.
With regards to bioavailability corrections, two options were applied for all freshwater sites:. 

· The option 1, is a so-called added risk approach.  It considers that, at regional scale, all copper is bound to AVS (see section 3.3.7.1.3) and therefore uses the local concentration only for the risk characterisatio: the local concentration is compared to the aerobic default  PNEC. This option is the preferred one as it was concluded in the regional risk characterisation chapter that, at regional scale, copper is bound to AVS (see section 3.3.7.1.3).  
· The second option adds to the local concentration, the regional background levels (region-specific PECs where available), and considers that 0.62 µmol AVS/kg dry weight Cu ((0.77 µmol/kg dry weight (RWC AVS value) - 0.15 µmol/kg dry weight (AVS in ecotox media)) is bound to copper or that 39.4 mg Cu/kg dry weight is bound to AVS. The non-AVS bound copper concentration is compared to the aerobic default PNEC.
Table 3‑8  provides the RCR for both options.
The estuarine and marine PNECs used are respectively 144 and 338 mg Cu/kg dry weight. 

 For estuarine and marine sites, a generic PEC of 16.1 mg/kg dry weight without any corrections for bioavailability (AVS or OC) was used for the risk characterisation. 
Table 3‑8 : Local risk characterisation for sediment and STP. The Risk Characterisation Ratio (RCR) = PEC/PNEC.  PEC = C added + PEC regional. The region-specific regional PECs were used wherever possible.  Alternatively the default regional values were used (67.5 mg/kg dry weight). The partitioning coefficients for respectively freshwater, estuarine and marine waters were used for the C sediment.  The PNEC Step-wise approach 3 total 5%OC, freshwater sediment is 87 mg/kg dw (log normal distribution). The PNEC total, estuarine sediment is 144 mg Cu/kg dry weight; The PNEC  total, marine sediment is 338 mg Cu/kg dry weight.. Two options for bioavailability correction are applied for the freshwater characterisation (see text).   For the Marine sediment risk characterisation, no OC nor AVS correction was carried out. The PNEC for micro-organisms is 230 µg/l 
	N°
	 
	Csediment
	PECtotal sediment
	RCR sediment
	RCR sediment
	RCR sediment
	C effluent  Sewage Treatment Plant
	RCR sewage treatment plant

	
	 
	
	(see legend)
	FW sed
	FW sed
	Marine sed
	µg Cu/L
	RCR

	
	 
	 
	 
	Option 1
	Option 2
	 
	
	

	 
	 
	(mg/kgdw)
	(mg/kgdw)
	 
	 
	 
	
	

	SMELTING AND REFINING
	 
	 
	 
	 
	 
	 
	 
	 

	ECI-01
	marine (estuary)
	38.89
	55
	 
	 
	0.38
	 
	 

	ECI-05
	marine
	1.86
	18
	 
	 
	0.05
	0.004
	0.02

	ECI-07
	freshwater
	41.58
	109.1
	0.48
	0.8
	 
	 
	 

	ECI-53
	freshwater
	78.14
	145.6
	 
	No risk - site-specific
	 
	 
	 

	ECI-54
	freshwater
	2.5385
	70
	0.03
	0.35
	 
	0.0004
	0

	ECI-55
	freshwater
	6.38
	73.88
	0.07
	0.4
	 
	 
	 

	ECI-67
	marine
	9.09
	36.2
	 
	 
	0.11
	 
	 

	ECI-71
	freshwater
	139.97
	215.4
	 
	No risk - site-specific
	 
	 
	 

	ECI-72
	freshwater
	9.42
	84.8
	0.11
	0.52
	 
	0.005
	0.02

	ECI-90
	marine
	9.19
	47.9
	 
	 
	0.14
	 
	 

	ECI-116
	freshwater
	1.11
	76.5
	0.01
	0.43
	 
	 
	 

	ECI-116
	freshwater
	0.41
	75.8
	0
	0.42
	 
	 
	 

	WIREROD AND CABLE
	 
	 
	 
	 
	 
	 
	 
	 

	ECI-02
	freshwater
	17.48
	96.5
	0.2
	0.66
	 
	0.009
	0.04

	ECI-03
	freshwater
	0
	79
	0
	0.46
	 
	 
	 

	ECI-08
	marine
	52.5
	79.6
	 
	 
	0.24
	 
	 

	ECI-17
	freshwater
	39.48
	107
	0.45
	0.78
	 
	 
	 

	ECI-47
	freshwater
	0
	67.5
	0
	0.32
	 
	 
	 

	ECI-57
	freshwater
	11.4
	58.2
	0.13
	0.22
	 
	 
	 

	ECI-58 Site has completely stopped in April 2005.
	freshwater
	234.35
	281.1
	 
	 
	 
	 
	 

	ECI-59DU
	freshwater
	14.72
	61.5
	0.17
	0.25
	 
	 
	 

	ECI-60DU
	freshwater
	0
	46.8
	0
	0.09
	 
	 
	 

	ECI-61DU
	freshwater
	0
	46.8
	0
	0.09
	 
	 
	 

	Small river
	
	
	
	
	
	 
	
	

	ECI-61DU
	freshwater
	0
	46.8
	0
	0.09
	 
	 
	 

	Large river
	
	
	
	
	
	 
	
	

	ECI-62DU
	freshwater
	32.19
	79
	0.37
	0.46
	 
	0.016
	0.07

	ECI-63
	freshwater
	0
	46.8
	0
	0.09
	 
	 
	 

	ECI-66
	freshwater
	1.85
	69.4
	0.02
	0.34
	 
	 
	 

	ECI-76
	freshwater
	4.11
	83.1
	0.05
	0.5
	 
	 
	 

	ECI-78
	freshwater
	156.87
	224.4
	1.8
	2.13
	 
	 
	 

	ECI-92
	freshwater
	0
	67.5
	0
	0.32
	 
	 
	 

	ECI-98
	marine
	0.24
	33.8
	 
	 
	0.10
	0.0005
	0

	ECI-99
	freshwater
	NA
	 NA
	NA
	NA
	 
	 
	 

	ECI-102
	freshwater
	41.7
	93.9
	0.48
	0.63
	 
	 
	 

	INGOT AND SAND DIE CASTING
	 
	 
	 
	 
	 
	 
	 
	 

	ECI-11
	freshwater
	0.12
	67.6
	0
	0.32
	 
	0.0004
	0

	ECI-18
	freshwater
	0
	67.5
	0
	0.32
	 
	 
	 

	ECI-21
	freshwater
	0.45
	67.9
	0.01
	0.33
	 
	 
	 

	ECI-44
	freshwater
	0
	52.2
	0
	0.15
	 
	 
	 

	ECI-65
	freshwater
	0.06
	46.9
	0
	0.09
	 
	 
	 

	ECI-83
	freshwater
	0
	67.5
	0
	0.32
	 
	 
	 

	ECI-84
	freshwater
	0
	46.8
	0
	0.09
	 
	 
	 

	ECI-85
	freshwater
	0
	46.8
	0
	0.09
	 
	 
	 

	ECI-95
	freshwater
	0
	46.8
	0
	0.09
	 
	 
	 

	ECI-104
	freshwater
	0.32
	67.8
	0
	0.33
	 
	 
	 

	ECI-111
	freshwater
	10.99
	57.8
	0.13
	0.21
	 
	 
	 

	ECI-114
	freshwater
	0
	46.8
	0
	0.09
	 
	 
	 

	ECI-115
	freshwater
	164.5
	211.3
	1.89
	1.98
	 
	 
	 

	SEMIS
	 
	 
	 
	 
	 
	 
	 
	 

	ECI-04
	freshwater
	22.82
	75
	0.26
	0.41
	 
	 
	 

	ECI-09
	freshwater
	4.11
	71.6
	0.05
	0.37
	 
	0.002
	0.01

	ECI-10
	freshwater
	2.06
	69.6
	0.02
	0.35
	 
	 
	 

	ECI-10
	freshwater
	0.99
	68.5
	0.01
	0.33
	 
	0.0005
	0

	ECI-12
	freshwater
	25.95
	93.4
	0.3
	0.62
	 
	0.0017
	0.01

	ECI-13
	freshwater
	16.04
	83.5
	0.18
	0.51
	 
	0.008
	0.03

	ECI-14
	freshwater
	2.06
	69.6
	0.02
	0.35
	 
	 
	 

	ECI-15
	freshwater
	7.2
	74.7
	0.08
	0.41
	 
	 
	 

	ECI-20
	freshwater
	23.75
	91.2
	0.27
	0.6
	 
	0.01
	0.05

	ECI-22
	marine
	70
	86.1
	 
	 
	0.25
	0.16
	0.7

	ECI-23
	marine
	0
	16.1
	 
	 
	0.05
	 
	 

	ECI-24
	marine
	183.76
	199.9
	 
	 
	0.59
	 
	 

	ECI-25
	freshwater
	82.25
	149.7
	0.95
	1.27
	 
	 
	 

	ECI-27
	freshwater
	16.62
	84.1
	0.19
	0.51
	 
	 
	 

	ECI-28
	freshwater
	164.88
	232.4
	1.9
	2.22
	 
	 
	 

	ECI-29
	freshwater
	31.59
	99.1
	0.36
	0.69
	 
	 
	 

	ECI-31
	freshwater
	55.21
	122.7
	 
	 
	 
	 
	 

	Site is closed in February 2006
	
	
	
	
	
	 
	
	

	ECI-32
	freshwater
	0.88
	68.4
	0.01
	0.33
	 
	0.0004
	0

	ECI-33
	freshwater
	NA
	 
	NA
	NA
	 
	NA 
	NA 

	ECI-34
	freshwater
	0.004
	67.5
	0
	0.32
	 
	0
	0

	ECI-35
	freshwater
	0.017
	67.5
	0
	0.32
	 
	0
	0

	ECI-36
	freshwater
	54.34
	101.1
	0.62
	0.71
	 
	 
	 

	ECI-37
	freshwater
	233.45
	280.3
	2.68
	2.77
	 
	 
	 

	ECI-38
	freshwater
	400.63
	447.4
	4.6
	4.69
	 
	 
	 

	ECI-39
	freshwater
	53.33
	100.1
	0.61
	0.7
	 
	 
	 

	ECI-40
	freshwater
	0.45
	52.6
	0.01
	0.15
	 
	 
	 

	ECI-41
	freshwater
	0
	52.2
	0
	0.15
	 
	 
	 

	ECI-43
	freshwater
	4.11
	56.3
	0.05
	0.19
	 
	 
	 

	ECI-46
	freshwater
	1480.47
	1548
	17.02
	17.34
	 
	 
	 

	ECI-48
	freshwater
	30.27
	97.8
	0.35
	0.67
	 
	0.015
	0.06

	ECI-49
	freshwater
	43.42
	110.9
	0.5
	0.82
	 
	 
	 

	ECI-51
	freshwater
	10.28
	77.8
	0.12
	0.44
	 
	 
	 

	ECI-52
	freshwater
	33.73
	101.2
	0.39
	0.71
	 
	 
	 

	ECI-56
	freshwater
	73.24
	120
	0.84
	0.93
	 
	0.036
	0.15

	ECI-64
	freshwater
	1.64
	48.4
	0.02
	0.1
	 
	 
	 

	ECI-68
	freshwater
	0.79
	89.1
	0.01
	0.57
	 
	0.0004
	0

	ECI-70
	freshwater
	1.85
	77.2
	0.02
	0.44
	 
	 
	 

	ECI-74
	freshwater
	1028.1
	1095.6
	11.82
	12.14
	 
	 
	 

	ECI-75
	freshwater
	14.39
	93.4
	0.17
	0.62
	 
	 
	 

	ECI-77
	freshwater
	0
	46.8
	0
	0.09
	 
	 
	 

	ECI-79
	freshwater
	6.34
	73.8
	0.07
	0.4
	 
	 
	 

	ECI-80
	Marine
	16.61
	32.7
	
	
	0.23
	 
	 

	
	(estuary)
	
	
	
	
	 
	
	

	ECI-81
	freshwater
	41.12
	108.6
	0.47
	0.8
	 
	 
	 

	ECI-82DU
	freshwater
	11.28
	78.8
	0.13
	0.45
	 
	 
	 

	ECI-94
	freshwater
	15.03
	61.8
	0.17
	0.26
	 
	 
	 

	ECI-96
	freshwater
	0.19
	67.7
	0
	0.33
	 
	0.0006
	0

	ECI-100
	freshwater
	0
	46.8
	0
	0.09
	 
	 
	 

	ECI-101
	freshwater
	0
	46.8
	0
	0.09
	 
	 
	 

	COPPER POWDERS AND CHEMICALS
	 
	 
	 
	 
	 
	 
	 
	 

	ECI-06
	freshwater
	4832.09
	4907.5
	55.54
	55.96
	 
	 
	 

	ECI-86 Company closed in last quarter of 2004
	freshwater
	399.42
	466.9
	 
	 
	 
	 
	 

	ECI-87
	freshwater
	22.08
	89.6
	0.25
	0.58
	 
	 
	 

	ECI-88
	freshwater
	407.45
	454.3
	4.68
	4.77
	 
	 
	 

	ECI-89
	freshwater
	Not applicable 
	Not applicable
	Not applicable
	Not applicable
	 
	Not applicable
	Not applicable

	ECI-91
	freshwater
	0
	67.5
	0
	0.32
	 
	 
	 

	ECI-93
	freshwater
	0
	67.5
	0
	0.32
	 
	 
	 

	ECI-97
	freshwater
	0
	67.5
	0
	0.32
	 
	 
	 

	ECI-105
	freshwater
	0
	67.5
	0
	0.32
	 
	 
	 

	ECI-106
	freshwater
	68.31
	135.8
	0.79
	1.11
	 
	 
	 

	ECI-107
	Marine
	3.01
	15.8
	 
	 
	0.11
	0.01
	0.04

	
	(estuary)
	
	
	
	
	 
	
	

	ECI-108 Company is no longer manufacturing
	freshwater
	202.08
	248.9
	 
	 
	 
	 
	 

	ECI-109
	freshwater
	338.76
	406.3
	3.89
	4.22
	 
	 
	 

	ECI-110
	freshwater
	529.55
	604.9
	6.09
	4.34
	 
	 
	 

	ECI-110
	freshwater
	496.46
	571.9
	5.71
	6.5
	 
	 
	 

	
	
	
	
	
	
	 
	
	

	ECI-112
	freshwater
	2.06
	69.6
	0.02
	0.35
	 
	 
	 

	ECI-117
	freshwater
	83.77
	162.8
	0.96
	1.42
	 
	0.04
	0.17


3.3.4.2.3 Conclusion 

The PECs and PNECs used for the risk characterisation are summarised in Table 3‑8. 
The PEC-local vary between 15.8 -4907 mg /kg dry weight.  The RCR vary between 0 and 56.  

The RCRs obtained from the option 1 - freshwater sediments and for the marine sediments are summarized as follows:
For the smelters/refiners, no sites show risks.
For the wire-rods and cables sector, a potential risk is observed for one site (ECI-78) with a RCR of 1.8 

For the ingots and die-casting sector, one site (ECI-115) shows a potential risk (RCR of 1.9)

For the semis sector, 5 sites show a potential risk: ECI-28 (RCR of 1.9),  ECI-37 (RCR of 2.7), ECI-38 (RCR of 4.6), ECI-46 (RCR of 17), ECI-74 (RCR of 11.8).

For the copper powders and chemicals sector, 4 sites shows a potential risk : ECI-06 (RCR of 55.5), ECI-88 (RCR of 4.7); ECI-109 (RCR of 3.9), ECI-110 (RCR of 4.3).

Table 3‑8 also shows that the risk characterization ratio’s and risk conclusions when using the PNEC freshwater option 2 instead of option 1  are very similar. Only three sites have a slightly different risk conclusions

ECI-25 : from no risk (option 1) to a marginal risk ratio of 1.3  (option 2)

ECI-106: from no risk (option 1) to a marginal risk ratio of 1.1  (option 2)

ECI-117 : from no risk (option 1) to a marginal risk ratio of 1.4  (option 2)

The option 1 and 2  risk characterization ratio’s are carried forward to the risk conclusions. 
All sites with RCR >1 are sites where site-specific information on bioavailability (OC and AVS) may change the risk conclusions.

3.3.4.3 STP

The risk for micro-organisms in sewage treatment plants is investigated for off-site sewage treatment plants only (STP). In general on site waste water treatment plants are based on physical-chemical removal of Cu only and hence no risk for micro-organisms occurs.

The Cu concentration in the STP effluent from sites discharging to municipal sewage treatment plants is in all cases lower than the PNECmicro-organisms value of 230 µg/l. It should be noted however that the effluent value from the STP takes already account for removal of Cu (80%) and additional dilution in the STP (ratio of discharge rates). 

All risk characterisations ratio’s are provided in Table 3‑8 and it can be concluded that no local risk are expected for STPs.

3.3.4.4 Terrestrial compartment

The overview table of the local risk characterisation for Cu plants for soil is given in Table 3‑9. No information was available on abiotic factors influencing Cu toxicity in local soils of which reliability and relevance could be checked (sampling and analytical methods).  It was therefore concluded to proceed to the step-wise approach 2.  

The site specific PNECtotalsoil values have been derived using the kriging interpolation technique (Step-wise approach 2) (see also chapter 3.3.7.1.6). As described in the TGD, the local PECs have been obtained by adding the Cadd to the regional background level of forest soils. 
All sites from all sectors addressed in the risk assessment –refiners and smelters, wire-rod and cables producers, ingots and sand die casting, semis sector and copper powder and copper compounds producers have risk characterisation ratios (based on calculated PECs) below 1 for the soil compartment (based on stack emissions only). Even when including fugitive emissions and for sites discharging their wastewater to a municipal STP and for which STP sludge is eventually applied to the surrounding agricultural soil; PECtotalsoil values are situated below the site-specific PNEC. It can be concluded that no risk is predicted for the soil compartment, since PECtotal levels for all sectors (23.4-40.3 mg/kg dw) are below the site-specific PNECtotal soil. 
For illustrative purposes, a Step-wise approach 3 analysis –using the EU RWC soil PNEC- has been made of which the results are given in Annex I Table AI.a. The conclusions are similar. The maximum RCR ratio is 0.55, all other RCR values using the Step-wise approach 2 and Step-wise approach 3 are < 0.5.
Table 3‑9    Local risk characterisation for soil. 
The Risk Characterisation Ratio (RCR) = PEC/PNEC. The PNEC total, is the site-specific estimated total PNEC value. PECregsoil = PEC local+regional background for forest soils. Sites highlighted in blue : Clocal is the sum of aerial deposition and sludge application. Sites highlighted in brown : aerial emission data are lacking and a generic exposure scenario is applied.   
	N°
	Clocalsoil
	PEClocal total soil
	PNEClocaltotalsoil
	RCR soil

Step-wise approach 2

	
	(mg/kgdw)
	(mg/kgdw)
	(mg/kgdw)
	total

	Refining and smelting

	ECI-01
	0.76
	25.16
	61.13
	0.41

	ECI-05
	0.81
	25.21
	86.02
	0.29

	ECI-07
	0.06
	32.16
	92.29
	0.35

	ECI-53
	2.00
	26.40
	86.98
	0.30

	ECI-54
	0.34
	23.74
	103.77
	0.23

	ECI-55
	0.45
	23.85
	131.19
	0.18

	ECI-67
	0.44
	24.84
	156.96
	0.16

	ECI-71
	0.41
	24.81
	117.93
	0.21

	ECI-72
	0.58
	24.98
	67.98
	0.37

	ECI-90
	0.04
	24.44
	187.39
	0.13

	ECI-116
	1.79
	26.19
	97.08
	0.27

	ECI-116
	0.04
	24.44
	97.08
	0.25

	Wire-rod s and cables

	ECI-02
	1.27
	25.67
	90.15
	0.28

	ECI-03
	0.00
	24.40
	82.98
	0.29

	ECI-08
	0.22
	24.62
	103.93
	0.24

	ECI-17
	0.006
	24.41
	110.37
	0.22

	ECI-47
	0.00
	24.40
	120.98
	0.20

	ECI-57
	1.01
	25.41
	79.47
	0.32

	ECI-58

Site has completely stopped n April 2005.
	0.03
	24.43
	/
	/

	ECI-59DU
	0.004
	24.40
	79.28
	0.31

	ECI-60DU
	0.03
	24.43
	90.31
	0.27

	ECI-61DU
	0.05
	24.45
	80.87
	0.30

	ECI-62DU
	0.01
	24.41
	75.27
	0.32

	ECI-63
	0.77
	25.17
	80.87
	0.31

	ECI-66
	0.00
	23.40
	111.44
	0.21

	ECI-76
	1.21
	25.61
	81.99
	0.31

	ECI-78
	0.01
	24.41
	156.79
	0.16

	ECI-92
	0.0005
	23.40
	134.18
	0.17

	ECI-98
	0.10
	24.50
	122.02
	0.20

	ECI-99
	0.00
	24.40
	136.23
	0.18

	ECI-102
	0.01
	24.41
	197.61
	0.12

	Ingots and sand-die casting

	ECI-11
	0.74
	24.14
	96.48
	0.25

	ECI-18
	0.0014
	24.40
	136.28
	0.18

	ECI-21
	0.04
	24.44
	90.76
	0.27

	ECI-44
	0.20
	24.60
	186.16
	0.13

	ECI-65
	0.01
	24.41
	169.67
	0.14

	ECI-83
	0.06
	40.26
	99.18
	0.41

	ECI-84
	0.01
	24.41
	91.53
	0.27

	ECI-85
	0.002
	24.40
	85.79
	0.28

	ECI-95
	0.48
	24.88
	138.34
	0.18

	ECI-104
	0.03
	23.43
	86.67
	0.27

	ECI-111
	0.0001
	24.40
	83.02
	0.29

	ECI-114
	0.0094
	24.41
	74.91
	0.33

	ECI-115
	ND
	ND
	ND
	ND

	Semis

	ECI-04
	0.0037
	24.40
	118.82
	0.21

	ECI-09
	0.38
	23.78
	92.76
	0.26

	ECI-10
	0.0026
	23.40
	93.98
	0.25

	ECI-10
	0.09
	23.49
	93.98
	0.25

	ECI-12
	0.07
	24.47
	97.03
	0.25

	ECI-13
	1.47
	24.87
	83.89
	0.30

	ECI-14
	0.0009
	32.10
	100.64
	0.32

	ECI-15
	0.00
	32.10
	89.42
	0.36

	ECI-20
	2.17
	26.57
	111.32
	0.24

	ECI-22
	8.52
	32.92
	83.48
	0.39

	ECI-23
	0.00
	24.40
	90.76
	0.27

	ECI-24
	0.19
	24.59
	90.76
	0.27

	ECI-25
	0.00
	24.40
	90.76
	0.27

	ECI-27
	0.004
	24.40
	79.00
	0.31

	ECI-28
	0.04
	24.44
	80.02
	0.31

	ECI-29
	0.01
	24.41
	108.98
	0.22

	ECI-31

Site closed in 2006
	0.00
	24.40
	/
	/

	ECI-32
	0.09
	23.49
	130.50
	0.18

	ECI-33
	NA
	NA
	NA
	NA

	ECI-34
	0.06
	23.46
	102.00
	0.23

	ECI-35
	0.002
	23.40
	97.50
	0.24

	ECI-36
	0.01
	24.41
	93.88
	0.26

	ECI-37
	0.002
	24.40
	90.37
	0.27

	ECI-38
	0.002
	24.40
	97.60
	0.25

	ECI-39
	0.00
	24.40
	84.14
	0.29

	ECI-40
	0.00
	24.40
	143.53
	0.17

	ECI-41
	0.008
	24.41
	143.59
	0.17

	ECI-43
	0.0006
	24.40
	135.56
	0.18

	ECI-46
	0.30
	24.70
	91.48
	0.27

	ECI-48
	2.79
	27.19
	93.76
	0.29

	ECI-49
	0.79
	25.19
	100.76
	0.25

	ECI-51
	0.00
	32.10
	100.31
	0.32

	ECI-52
	0.68
	25.08
	69.67
	0.36

	ECI-56
	6.73
	31.13
	84.14
	0.37

	ECI-64
	0.09
	24.49
	97.96
	0.25

	ECI-68
	0.24
	7.54
	75.40
	0.10

	ECI-70
	0.00
	24.40
	73.94
	0.33

	ECI-74
	0.07
	23.47
	83.82
	0.28

	ECI-75
	0.13
	24.53
	87.61
	0.28

	ECI-77
	0.00
	24.40
	84.14
	0.29

	ECI-79
	NA
	NA
	NA
	NA

	ECI-80
	0.00
	24.40
	93.85
	0.26

	ECI-81
	0.02
	24.42
	74.00
	0.33

	ECI-82DU
	0.03
	23.43
	83.68
	0.28

	ECI-94
	0.0008
	24.40
	106.09
	0.23

	ECI-96
	0.11
	23.51
	97.96
	0.24

	ECI-100
	0.01
	24.41
	221.91
	0.11

	ECI-101
	0.00
	24.40
	81.33
	0.30

	Copper powders and chemicals

	ECI-06
	0.0007
	24.40
	66.62
	0.37

	ECI-86

Company closed in last quarter of 2004
	0.01
	24.41
	/
	/

	ECI-87
	0.0019
	23.40
	100.76
	0.23

	ECI-88
	0.04
	24.44
	114.24
	0.21

	ECI-89
	0.05
	23.45
	89.06
	0.26

	ECI-91
	0.01
	24.41
	133.70
	0.18

	ECI-93
	0.09
	23.49
	131.19
	0.18

	ECI-97
	0.001
	23.40
	131.19
	0.18

	ECI-105
	0.04
	24.44
	142.02
	0.17

	ECI-106
	0.00
	24.40
	128.66
	0.19

	ECI-107
	1.88
	26.28
	113.67
	0.23

	ECI-108

Company is no longer manufacturing
	0.02
	24.42
	/
	/

	ECI-109
	0.03
	23.43
	91.34
	0.26

	ECI-110
	0.08
	24.48
	76.12
	0.32

	ECI-112
	0.15
	24.55
	77.04
	0.32

	ECI-117
	7.72
	32.12
	81.38
	0.39


For illustrative purpose, Table 3‑10 summarises the Step-wise approach 2 RCR, using local PEC values, obtained by adding the Cadd to the regional background level of agricultural soils. All RCR values are again well below 1.

Table 3‑10 Local risk characterisation for soil – additional scenario using agricultural soils as regional background. 
The Risk Characterisation Ratio (RCR) = PEC/PNEC. The PNEC total, is the site-specific estimated total PNEC value. PEClocaltotalsoil = PECregsoil + Clocalsoil; PECregsoil = PEC local+regional background for agricultural soils. Regional data are used where available. Where not available the EU RWC PECagr is used (31.2 mg Cu/kgdw)

	N°
	Clocalsoil
	PEClocal total soil
	PNEClocaltotalsoil
	RCR soil

Step-wise approach 2

	
	(mg/kgdw)
	(mg/kgdw)
	(mg/kgdw)
	total

	Refining and smelting

	ECI-01
	0.76
	32.86
	61.13
	0.54

	ECI-05
	0.81
	32.91
	86.02
	0.38

	ECI-07
	0.06
	31.86
	92.29
	0.35

	ECI-53
	2.00
	11.02
	86.98
	0.13

	ECI-54
	0.34
	21.64
	103.77
	0.21

	ECI-55
	0.45
	21.75
	131.19
	0.17

	ECI-67
	0.44
	3.6
	156.96
	0.02

	ECI-71
	0.41
	16.91
	117.93
	0.14

	ECI-72
	0.58
	17.08
	67.98
	0.25

	ECI-90
	0.04
	5.95
	187.39
	0.03

	ECI-116
	1.79
	18.29
	97.08
	0.19

	ECI-116
	0.04
	16.54
	97.08
	0.17

	Wire-rod s and cables

	ECI-02
	1.27
	33.37
	90.15
	0.37

	ECI-03
	0.00
	32.1
	82.98
	0.39

	ECI-08
	0.22
	7.62
	103.93
	0.07

	ECI-17
	0.006
	48.18
	110.37
	0.44

	ECI-47
	0.00
	41.85
	120.98
	0.35

	ECI-57
	1.01
	31.61
	79.47
	0.40

	ECI-58

Site has completely stopped n April 2005.
	0.03
	24.43
	/
	/

	ECI-59DU
	0.004
	30.60
	79.28
	0.39

	ECI-60DU
	0.03
	30.63
	90.31
	0.34

	ECI-61DU
	0.05
	30.65
	80.87
	0.38

	ECI-62DU
	0.01
	30.61
	75.27
	0.41

	ECI-63
	0.77
	31.37
	80.87
	0.39

	ECI-66
	0.00
	21.30
	111.44
	0.19

	ECI-76
	1.21
	33.31
	81.99
	0.41

	ECI-78
	0.01
	57.41
	156.79
	0.37

	ECI-92
	0.0005
	21.30
	134.18
	0.16

	ECI-98
	0.10
	8.67
	122.02
	0.07

	ECI-99
	0.00
	11.13
	136.23
	0.08

	ECI-102
	0.01
	2.90
	197.61
	0.01

	Ingots and sand-die casting

	ECI-11
	0.74
	22.04
	96.48
	0.23

	ECI-18
	0.0014
	38.64
	136.28
	0.28

	ECI-21
	0.04
	34.73
	90.76
	0.38

	ECI-44
	0.20
	7.08
	186.16
	0.04

	ECI-65
	0.01
	30.61
	169.67
	0.18

	ECI-83
	0.06
	31.26
	99.18
	0.32

	ECI-84
	0.01
	30.61
	91.53
	0.33

	ECI-85
	0.002
	30.60
	85.79
	0.36

	ECI-95
	0.48
	31.08
	138.34
	0.22

	ECI-104
	0.03
	21.33
	86.67
	0.25

	ECI-111
	0.0001
	30.60
	83.02
	0.37

	ECI-114
	0.0094
	30.61
	74.91
	0.41

	ECI-115
	ND
	ND
	ND
	ND

	Semis

	ECI-04
	0.0037
	11.53
	118.82
	0.10

	ECI-09
	0.38
	21.68
	92.76
	0.23

	ECI-10
	0.0026
	21.30
	93.98
	0.23

	ECI-10
	0.09
	21.39
	93.98
	0.23

	ECI-12
	0.07
	52.31
	97.03
	0.54

	ECI-13
	1.47
	22.77
	83.89
	0.27

	ECI-14
	0.0009
	31.80
	100.64
	0.32

	ECI-15
	0.00
	31.80
	89.42
	0.36

	ECI-20
	2.17
	47.51
	111.32
	0.43

	ECI-22
	8.52
	39.72
	83.48
	0.48

	ECI-23
	0.00
	31.20
	90.76
	0.34

	ECI-24
	0.19
	31.39
	90.76
	0.35

	ECI-25
	0.00
	31.20
	90.76
	0.34

	ECI-27
	0.004
	57.40
	79
	0.73

	ECI-28
	0.04
	57.44
	80.02
	0.72

	ECI-29
	0.01
	14.56
	108.98
	0.13

	ECI-31

Site closed in 2006
	0.00
	24.40
	/
	/

	ECI-32
	0.09
	21.39
	131.94
	0.16

	ECI-33
	NA
	NA
	87.73
	NA

	ECI-34
	0.06
	21.36
	102.03
	0.21

	ECI-35
	0.002
	21.30
	96.48
	0.22

	ECI-36
	0.01
	30.61
	95.00
	0.32

	ECI-37
	0.002
	30.60
	88.87
	0.34

	ECI-38
	0.002
	30.60
	97.96
	0.31

	ECI-39
	0.00
	30.60
	85.40
	0.36

	ECI-40
	0.00
	17.95
	147.72
	0.12

	ECI-41
	0.008
	17.96
	147.72
	0.12

	ECI-43
	0.0006
	13.33
	134.90
	0.10

	ECI-46
	0.30
	35.51
	90.42
	0.39

	ECI-48
	2.79
	46.05
	92.83
	0.50

	ECI-49
	0.79
	21.74
	100.41
	0.22

	ECI-51
	0.00
	31.80
	100.64
	0.32

	ECI-52
	0.68
	15.21
	70.08
	0.22

	ECI-56
	6.73
	37.33
	84.07
	0.44

	ECI-64
	0.09
	30.69
	97.71
	0.31

	ECI-68
	0.24
	12.87
	74.10
	0.17

	ECI-70
	0.00
	16.50
	73.33
	0.23

	ECI-74
	0.07
	21.37
	83.41
	0.26

	ECI-75
	0.13
	32.23
	88.03
	0.37

	ECI-77
	0.00
	30.60
	83.48
	0.37

	ECI-79
	NA
	NA
	NA
	NA

	ECI-80
	0.00
	30.60
	92.77
	0.33

	ECI-81
	0.02
	57.42
	74.35
	0.77

	ECI-82DU
	0.03
	21.33
	84.46
	0.25

	ECI-94
	0.0008
	30.60
	105.67
	0.29

	ECI-96
	0.11
	21.41
	96.48
	0.22

	ECI-100
	0.01
	30.61
	223.63
	0.14

	ECI-101
	0.00
	30.60
	80.70
	0.38

	Copper powders and chemicals

	ECI-06
	0.0007
	16.50
	66.62
	0.25

	ECI-86

Company closed in last quarter of 2004
	0.01
	24.41
	/
	/

	ECI-87
	0.0019
	21.30
	100.76
	0.21

	ECI-88
	0.04
	30.64
	114.24
	0.27

	ECI-89
	0.05
	21.35
	89.06
	0.24

	ECI-91
	0.01
	12.44
	133.70
	0.09

	ECI-93
	0.09
	21.39
	131.19
	0.16

	ECI-97
	0.001
	21.30
	131.19
	0.16

	ECI-105
	0.04
	41.44
	142.02
	0.29

	ECI-106
	0.00
	34.17
	128.66
	0.27

	ECI-107
	1.88
	15.57
	113.67
	0.14

	ECI-108

Company is no longer manufacturing
	0.02
	24.42
	/
	/

	ECI-109
	0.03
	21.33
	91.34
	0.23

	ECI-110
	0.08
	16.58
	76.12
	0.22

	ECI-112
	0.15
	57.55
	77.04
	0.75

	ECI-117
	7.72
	39.82
	81.38
	0.49


3.3.5 Local risk characterisation for producers and fabricators – sectors with limited information

3.3.5.1 Aquatic, Sediment and STP 



Table 3‑11
 provides the summary of the calculation of the local concentrations and PECs for water and sediments for the sectors for which only limited data were available.   A Step-wise approach 3 assessment, using the default PNEC values was performed.
For the aquatic and sediment compartment the following observations are made:

- From this analysis it can be concluded that for the sectors casting ingots and sand and die casting, the production processes lead to very limited emissions to water and no environmental risks are expected for the aquatic environment. 

- For the cable manufacturers, with up to date water treatments, no risks for the water compartment are expected. For the sediments, no risk or a marginal risk is predicted from the default scenario analysis of cable makers using up to date standard methodologies.   

- The data related to cable manufacturing with outdated treatment techniques may lead to risk scenarios for water (reasonable worst case bioavailability) and sediment compartment (oxic sediments
- The worst scenario analyses for the chemicals industry do indicate a potential risk from local emissions for the aquatic and sediment compartments.

The analysis of the default scenario for STP does indicate a potential risk for the chemicals sector. For the other sectors, no risk is observed.

Table 3‑11 :   Overview of PEC results of generic scenarios for the aquatic compartment. 
RCR= PEC/PNEC. PEC total =PEC regional default + C local. The PNECtotal water is 7.8 µg Cu/L.  The PNECs sediment  is 87 mg Cu/kg dry weight. The PNEC for micro-organisms – STP  is 230 µg/l.  The sediment step-wise approach 3, options 1 & 2  are defined in  section 3.3.4.1.6 .
	
	Clocalwater

(µg/l)
	PECtotal local water

(µg/l)
	RCR water


	Csediment

(mg/kg dw)
	PECtotal sediment (mg/kg dw)


	RCR sediment


	RCR sediment



	
	
	PECtotalreg: 2.9 µg/l
	
	
	PECtotalreg: 67.5 mg/kg dw
	FW sediment
	FW sediment

	
	
	
	
	
	
	Option 1
	Option 2

	Drawing, rolling cables: max. emission factor; outdated treatment techniques

	Scen. 1, avg site, max. emission factor
	7.81
	10.71
	1.37
	233
	301
	2.68
	3.01

	Scen. 2; 90P site, max. emission factor
	12.94
	15.84
	2.03
	387
	454
	4.45
	4.77

	Scen. 3: B-table results
	7.7
	10.6
	1.36
	230
	298
	2.65
	2.97

	Scen. 4: Largest site
	12.64
	15.54
	1.99
	378
	445
	4.34
	4.67

	Summary
	7.7-12.9
	10.6-15.8
	
	230-387
	298-454
	
	

	Drawing, rolling cables: max. emission factor: representative treatment techniques

	Scen. 1, avg site, max. emission factor
	2.14
	5
	0.64
	63.96
	132
	0.74
	1.06

	Scen. 2; 90P site, max. emission factor
	3.54
	6.4
	0.82
	106
	173
	1.22
	1.54

	Summary
	2.14-3.54
	5.0-6.4
	
	64-106
	132-173
	
	

	Casting ingots

	Scen. 1, avg site, max. emission factor
	0.025
	2.92
	0.37
	0.73
	68.2
	0.01
	0.33

	Scen. 2; 90P site, max. emission factor
	0.053
	2.95
	0.38
	1.58
	69.1
	0.02
	0.34

	Scen. 3: B-table results
	0.07
	2.97
	0.38
	2.1
	69.6
	0.02
	0.35

	Scen. 4: Largest site
	0.06
	2.96
	0.38
	1.92
	69.4
	0.02
	0.35

	Summary
	0.03-0.07
	2.92-2.97
	
	0.73-2.1
	68.2-69.6
	
	

	Sand and die casting

	Scen. 1, avg site, max. emission factor
	0
	2.9
	0.37
	0
	67.5
	0.0
	0.32

	Scen. 2; 90P site, max. emission factor
	0
	2.9
	0.37
	0
	67.5
	0.0
	0.32

	summary
	0
	2.9
	
	0
	67.5
	
	

	Chemicals
	
	
	
	
	
	
	

	Scen. 1, avg site, max. emission factor
	40.13
	43.03
	5.52
	1200


	1267
	13.79
	14.11

	Scen. 2; 90P site, max. emission factor
	120.12
	123
	15.77
	3591
	3658
	41.28
	41.59

	Scen. 3: B-table results
	42.56
	45.46
	5.83
	1272
	1340
	14.62
	14.95

	Scen. 4: Largest site
	57.33
	60.23
	7.72
	1713
	1781
	19.70
	20.02

	Summary
	40-120
	43.0-123.0
	
	1200-3591
	1267-3658
	
	


3.3.5.2 terrestrial compartment

As done for the aquatic compartment, this section gives an overview of the results of the generic exposure assessment performed for different Cu industry sectors for which EU production/use tonnage is not sufficiently covered by industry questionnaire information (cables manufacturing, casting ingots, sand and die casting and Cu chemicals production).

Table 3‑12 A and B provide the summary of the calculation of the local concentrations, PECs and risk ratios -using the PNEC of a RWC soil- for soil for the sectors for which only limited data were available.  

From this analysis it can be concluded that for all sectors considered, the production processes lead to very limited emissions to air and as a result no environmental risks are expected for the terrestrial environment. 

Table 3‑12: Overview of PEC results of generic scenarios for the terrestrial compartment (scenario 1, 2, 3 and 4: avg, 90P site, B-tables and largest site). The generic PNECsoil total is 73.1 mg/kg dw. RWC soil A) PECreg forest soil 24.4 mg/kg, B) PECreg agricultural soil 31.2 mg/kg
	A) Generic - Forest soils (pH 6.2, OM 2.7%, 
	
	B) Generic - Agricultural soils (pH 6.2, OM 2.7%, 

	clay 17%, CEC 12.8 cmol/kg, PECreg 24.4 mg/kg)
	
	clay 17%, CEC 12.8 cmol/kg, PECreg 31.2 mg/kg)

	 
	Csoil
	PECtotal soil
	RCR soil
	
	 
	Csoil
	PECtotal soil
	RCR soil

	
	(mg/kg dw)
	(mg/kg dw)
	 
	
	
	(mg/kg dw)
	(mg/kg dw)
	 

	
	 
	(PECtotalreg: 24.4 mg/kg dw; forest soil)
	PNEC=73.1 mg/kg dw
	
	
	 
	(PECtotalreg: 31.2 mg/kg dw; agricultural soil)
	PNEC=73.1 mg/kg dw

	Drawing rolling cables
	
	Drawing rolling cables

	Scenario 1 Average site, max. emission factor
	0.06
	24.46
	0.33
	
	Scenario 1 Average site, max. emission factor
	0.06
	31.26
	0.44

	Scenario 2 90P site, max. emission factor
	0.10
	24.50
	0.34
	
	Scenario 2 90P site, max. emission factor
	0.10
	31.30
	0.44

	Summary
	0.06-0.10
	24.5
	0,34
	
	Summary
	0.06-0.10
	31.3
	0,44

	B-table results
	0.06
	24.46
	0.33
	
	B-table results
	0.06
	31.26
	0.44

	Largest site
	0.10
	24.50
	0.34
	
	Largest site
	0.10
	31.30
	0.44

	Summary
	0.06-0.10
	24.5
	0,34
	
	Summary
	0.06-0.10
	31.3
	0,44

	Casting ingots
	
	Casting ingots

	Scenario 1 average site, max. emission factor
	0.01
	24.41
	0.33
	
	Scenario 1 average site, max. emission factor
	0.01
	31.21
	0.44

	Scenario 2: 90P site, max. emission factor
	0.03
	24.43
	0.33
	
	Scenario 2: 90P site, max. emission factor
	0.03
	31.23
	0.44

	Summary
	0.01-0.03
	24.4
	0,33
	
	Summary
	0.01-0.03
	31.2
	0,44

	B-table results
	0.04
	24.44
	0.33
	
	B-table results
	0.04
	31.24
	0.44

	Largest site
	0.04
	24.44
	0.33
	
	Largest site
	0.04
	31.24
	0.44

	Summary
	0.04
	24.4
	0,33
	
	Summary
	0.04
	31.2
	0,44

	Sand casting
	
	Sand casting

	Scenario 1 Average site, max. emission factor
	0.06
	24.46
	0.33
	
	Scenario 1 Average site, max. emission factor
	0.06
	31.26
	0.44

	Scenario 2 90P site, max. emission factor
	0.13
	24.53
	0.34
	
	Scenario 2 90P site, max. emission factor
	0.13
	31.33
	0.44

	Summary
	0.06-0.13
	24.5
	0,34
	
	Summary
	0.06-0.13
	31.3
	0,44

	B-table results
	0.51
	24.91
	0.34
	
	B-table results
	0.51
	31.71
	0.44

	Largest site
	0.16
	24.56
	0.34
	
	Largest site
	0.16
	31.36
	0.44

	Summary
	0.16-0.51
	24.6-24.9
	0,34
	
	Summary
	0.16-0.51
	31.4-31.7
	0,44

	Gravity die casting
	
	Gravity die casting

	Scenario 1 Average site, max. emission factor
	0.01
	24.41
	0.33
	
	Scenario 1 Average site, max. emission factor
	0.01
	31.21
	0.44

	Scenario 2 90P site, max. emission factor
	0.03
	24.43
	0.33
	
	Scenario 2 90P site, max. emission factor
	0.03
	31.23
	0.44

	Summary
	0.01-0.03
	24.4
	0,33
	
	Summary
	0.01-0.03
	31.2 
	0,44

	Pressure die casting
	
	Pressure die casting

	Scenario 1 Average site, max. emission factor
	0.07
	24.47
	0.33
	
	Scenario 1 Average site, max. emission factor
	0.07
	31.27
	0.44

	Scenario 2 90P site, max. emission factor
	0.14
	24.54
	0.34
	
	Scenario 2 90P site, max. emission factor
	0.14
	31.34
	0.44

	Summary
	0.07-0.14
	24.5
	0,34
	
	Summary
	0.07-0.14
	31.3
	0,44

	Chemicals
	
	Chemicals

	Scenario 1 Average site, max. emission factor
	0.09
	24.49
	0.34
	
	Scenario 1 Average site, max. emission factor
	0.09
	31.29
	0.44

	Scenario 2 90P site, max. emission factor
	0.27
	24.67
	0.34
	
	Scenario 2 90P site, max. emission factor
	0.27
	31.47
	0.44

	Summary
	0.09-0.27
	24.5-24.7
	0,34
	
	Summary
	0.09-0.27
	31.3-31.5
	0,44

	B-table results
	0.11
	24.51
	0.34
	
	B-table results
	0.11
	31.31
	0.44

	Largest site
	0.15
	24.55
	0.34
	
	Largest site
	0.15
	31.35
	0.44

	Summary
	0.11-0.15
	24.5-24.6
	0,34
	
	Summary
	0.11-0.15
	31.3-31.4
	0,44


For illustrative purposes, an assessment of the risk ratios was also made using the different soil type scenarios described in Table 3.17 of chapter VRAR_Cu_0803_ENV_Effects_Soil.doc. It should be noted that as these are real soils, the actual Cu concentration in each of the soils was used as PECreg. Table 3‑13 A, B, C, D, E and F provide the summary of the calculation of the local concentrations, PECs and risk ratios -using the PNEC values of the different soil types- for sectors for which only limited data were available.  

Risk ratios for these soil type scenarios (0.04-0.41) are generally within or below the risk ratios derived for the RWC scenarios (0.33-0.44), illustrating the RWC scenarios do not lead to any underestimation of expected risk ratios.

From this analysis it can again be concluded that for all sectors considered, the production processes lead to very limited emissions to air and as a result no environmental risks are expected for the terrestrial environment. 

Table 3‑13: Overview of PEC results of generic scenarios for the terrestrial compartment (scenario 1, 2, 3 and 4: avg, 90P site, B-tables and largest site) for the different soil type scenarios.
	A) Scenario - Acid Sandy Sweden (pH 4.8, OM 2.8%, 
	
	B) Scenario - Loamy the Nl (pH 7.5, OM 2.2%, 
	
	C) Scenario - Loamy Spain (pH 6.2, OM 2.7%, 

	clay 7%, CEC 2.4 cmol/kg, PECreg 6mg/kg)
	
	clay 26%, CEC 20 cmol/kg, PECreg 18mg/kg)
	
	clay 17%, CEC 12.8 cmol/kg, PECreg 10mg/kg)

	 
	Csoil
	PECtotal soil
	RCR soil
	
	 
	Csoil
	PECtotal soil
	RCR soil
	
	 
	Csoil
	PECtotal soil
	RCR soil

	
	(mg/kg dw)
	(mg/kg dw)
	 
	
	
	(mg/kg dw)
	(mg/kg dw)
	 
	
	
	(mg/kg dw)
	(mg/kg dw)
	 

	
	 
	(PECtotalreg: 6 mg/kg dw; agricultural soil)
	PNEC=20,4 mg/kg dw
	
	
	 
	(PECtotalreg:18 mg/kg dw; agricultural soil)
	PNEC=89,6 mg/kg dw
	
	
	 
	(PECtotalreg:10 mg/kg dw; agricultural + forest soil)
	PNEC=73,1 mg/kg dw

	Drawing rolling cables
	
	Drawing rolling cables
	
	Drawing rolling cables

	Scenario 1 Average site, max. emission factor
	0,06
	6,06
	0,30
	
	Scenario 1 Average site, max. emission factor
	0,06
	18,06
	0,20
	
	Scenario 1 Average site, max. emission factor
	0,06
	10,06
	0,14

	Scenario 2 90P site, max. emission factor
	0,1
	6,1
	0,30
	
	Scenario 2 90P site, max. emission factor
	0,1
	18,1
	0,20
	
	Scenario 2 90P site, max. emission factor
	0,1
	10,1
	0,14

	Summary
	0.06-0.10
	6,4
	0,30
	
	Summary
	0.06-0.10
	18,1
	0,20
	
	Summary
	0.06-0.10
	10,1
	0,14

	B-table results
	0,06
	6,06
	0,30
	
	B-table results
	0,06
	18,06
	0,20
	
	B-table results
	0,06
	10,06
	0,14

	Largest site
	0,1
	6,1
	0,30
	
	Largest site
	0,1
	18,1
	0,20
	
	Largest site
	0,1
	10,1
	0,14

	Summary
	0.06-0.10
	6,1
	0,30
	
	Summary
	0.06-0.10
	18,1
	0,20
	
	Summary
	0.06-0.10
	10,1
	0,14

	Casting ingots
	
	Casting ingots
	
	Casting ingots

	Scenario 1 average site, max. emission factor
	0,01
	6,01
	0,29
	
	Scenario 1 average site, max. emission factor
	0,01
	18,01
	0,20
	
	Scenario 1 average site, max. emission factor
	0,01
	10,01
	0,14

	Scenario 2: 90P site, max. emission factor
	0,03
	6,03
	0,30
	
	Scenario 2: 90P site, max. emission factor
	0,03
	18,03
	0,20
	
	Scenario 2: 90P site, max. emission factor
	0,03
	10,03
	0,14

	Summary
	0.01-0.03
	6,0
	0,29-0,30
	
	Summary
	0.01-0.03
	18,0
	0,20
	
	Summary
	0.01-0.03
	10,0
	0,14

	B-table results
	0,04
	6,04
	0,30
	
	B-table results
	0,04
	18,04
	0,20
	
	B-table results
	0,04
	10,04
	0,14

	Largest site
	0,04
	6,04
	0,30
	
	Largest site
	0,04
	18,04
	0,20
	
	Largest site
	0,04
	10,04
	0,14

	Summary
	0,04
	6,04
	0,30
	
	Summary
	0,04
	18,04
	0,20
	
	Summary
	0,04
	10
	0,14

	Sand casting
	
	Sand casting
	
	Sand casting

	Scenario 1 Average site, max. emission factor
	0,06
	6,06
	0,30
	
	Scenario 1 Average site, max. emission factor
	0,06
	18,06
	0,20
	
	Scenario 1 Average site, max. emission factor
	0,06
	10,06
	0,14

	Scenario 2 90P site, max. emission factor
	0,13
	6,13
	0,30
	
	Scenario 2 90P site, max. emission factor
	0,13
	18,13
	0,20
	
	Scenario 2 90P site, max. emission factor
	0,13
	10,13
	0,14

	Summary
	0.06-0.13
	6,1
	0,30
	
	Summary
	0.06-0.13
	18,1
	0,20
	
	Summary
	0.06-0.13
	10,1
	0,14

	B-table results
	0,51
	6,51
	0,32
	
	B-table results
	0,51
	18,51
	0,21
	
	B-table results
	0,51
	10,51
	0,14

	Largest site
	0,16
	6,16
	0,30
	
	Largest site
	0,16
	18,16
	0,20
	
	Largest site
	0,16
	10,16
	0,14

	Summary
	0.16-0.51
	6,2-6,5
	0,30-0,32
	
	Summary
	0.16-0.51
	18,2-18,5
	0,20-0,21
	
	Summary
	0.16-0.51
	10,2-10,5
	0,14

	Gravity die casting
	
	Gravity die casting
	
	Gravity die casting

	Scenario 1 Average site, max. emission factor
	0,01
	6,01
	0,29
	
	Scenario 1 Average site, max. emission factor
	0,01
	18,01
	0,20
	
	Scenario 1 Average site, max. emission factor
	0,01
	10,01
	0,14

	Scenario 2 90P site, max. emission factor
	0,03
	6,03
	0,30
	
	Scenario 2 90P site, max. emission factor
	0,03
	18,03
	0,20
	
	Scenario 2 90P site, max. emission factor
	0,03
	10,03
	0,14

	Summary
	0.01-0.03
	6,0
	0,29-0,30
	
	Summary
	0.01-0.03
	18,0
	0,20
	
	Summary
	0.01-0.03
	10,0
	0,14

	Pressure die casting
	
	Pressure die casting
	
	Pressure die casting

	Scenario 1 Average site, max. emission factor
	0,07
	6,07
	0,30
	
	Scenario 1 Average site, max. emission factor
	0,07
	18,07
	0,20
	
	Scenario 1 Average site, max. emission factor
	0,07
	10,07
	0,14

	Scenario 2 90P site, max. emission factor
	0,14
	6,14
	0,30
	
	Scenario 2 90P site, max. emission factor
	0,14
	18,14
	0,20
	
	Scenario 2 90P site, max. emission factor
	0,14
	10,14
	0,14

	Summary
	0.07-0.14
	6,1
	0,30
	
	Summary
	0.07-0.14
	18,1
	0,20
	
	Summary
	0.07-0.14
	10,1
	0,14

	Chemicals
	
	Chemicals
	
	Chemicals

	Scenario 1 Average site, max. emission factor
	0,09
	6,09
	0,30
	
	Scenario 1 Average site, max. emission factor
	0,09
	18,09
	0,20
	
	Scenario 1 Average site, max. emission factor
	0,09
	10,09
	0,14

	Scenario 2 90P site, max. emission factor
	0,27
	6,27
	0,31
	
	Scenario 2 90P site, max. emission factor
	0,27
	18,27
	0,20
	
	Scenario 2 90P site, max. emission factor
	0,27
	10,27
	0,14

	Summary
	0.09-0.27
	6,1-6,3
	0,30-0,31
	
	Summary
	0.09-0.27
	18,1-18,3
	0,2
	
	Summary
	0.09-0.27
	10,1-10,3
	0,14

	B-table results
	0,11
	6,11
	0,30
	
	B-table results
	0,11
	18,11
	0,20
	
	B-table results
	0,11
	10,11
	0,14

	Largest site
	0,15
	6,15
	0,30
	
	Largest site
	0,15
	18,15
	0,20
	
	Largest site
	0,15
	10,15
	0,14

	Summary
	0.11-0.15
	6,1-6,2
	0,3
	
	Summary
	0.11-0.15
	18,1-18,2
	0,2
	
	Summary
	0.11-0.15
	10,1-10,2
	0,14


	D) Scenario - Peaty the Nl (pH 4.7, OM 40%, 
	
	E) Scenario - Acid Sandy Germany (pH 3, OM 9%, 
	
	F) Scenario - Clay Greece (pH 7.4, OM 4.5%,

	clay 24%, CEC 35 cmol/kg, PECreg 70mg/kg)
	
	clay 7%, CEC 6 cmol/kg, PECreg 2mg/kg)
	
	clay 46%, CEC 36 cmol/kg, PECreg 34mg/kg)

	 
	Csoil
	PECtotal soil
	RCR soil
	
	 
	Csoil
	PECtotal soil
	RCR soil
	
	 
	Csoil
	PECtotal soil
	RCR soil

	
	(mg/kg dw)
	(mg/kg dw)
	 
	
	
	(mg/kg dw)
	(mg/kg dw)
	 
	
	
	(mg/kg dw)
	(mg/kg dw)
	 

	
	 
	(PECtotalreg:70 mg/kg dw; grassland)
	PNEC=172,8 mg/kg dw
	
	
	 
	(PECtotalreg 2 mg/kg dw; forest soil)
	PNEC=47,6 mg/kg dw
	
	
	 
	(PECtotalreg 34 mg/kg dw; woodland)
	PNEC=142,4 mg/kg dw

	Drawing rolling cables
	
	Drawing rolling cables
	
	Drawing rolling cables

	Scenario 1 Average site, max. emission factor
	0,06
	70,06
	0,41
	
	Scenario 1 Average site, max. emission factor
	0,06
	2,06
	0,04
	
	Scenario 1 Average site, max. emission factor
	0,06
	34,06
	0,24

	Scenario 2 90P site, max. emission factor
	0,1
	70,1
	0,41
	
	Scenario 2 90P site, max. emission factor
	0,1
	2,1
	0,04
	
	Scenario 2 90P site, max. emission factor
	0,1
	34,1
	0,24

	Summary
	0.06-0.10
	70,1
	0,41
	
	Summary
	0.06-0.10
	2,1
	0,04
	
	Summary
	0.06-0.10
	34,1
	0,24

	B-table results
	0,06
	70,06
	0,41
	
	B-table results
	0,06
	2,06
	0,04
	
	B-table results
	0,06
	34,06
	0,24

	Largest site
	0,1
	70,1
	0,41
	
	Largest site
	0,1
	2,1
	0,04
	
	Largest site
	0,1
	34,1
	0,24

	Summary
	0.06-0.10
	70,1
	0,41
	
	Summary
	0.06-0.10
	2,1
	0,04
	
	Summary
	0.06-0.10
	34,1
	0,24

	Casting ingots
	
	Casting ingots
	
	Casting ingots

	Scenario 1 average site, max. emission factor
	0,01
	70,01
	0,41
	
	Scenario 1 average site, max. emission factor
	0,01
	2,01
	0,04
	
	Scenario 1 average site, max. emission factor
	0,01
	34,01
	0,24

	Scenario 2: 90P site, max. emission factor
	0,03
	70,03
	0,41
	
	Scenario 2: 90P site, max. emission factor
	0,03
	2,03
	0,04
	
	Scenario 2: 90P site, max. emission factor
	0,03
	34,03
	0,24

	Summary
	0.01-0.03
	70,0
	0,41
	
	Summary
	0.01-0.03
	2,0
	0,04
	
	Summary
	0.01-0.03
	34,0
	0,24

	B-table results
	0,04
	70,04
	0,41
	
	B-table results
	0,04
	2,04
	0,04
	
	B-table results
	0,04
	34,04
	0,24

	Largest site
	0,04
	70,04
	0,41
	
	Largest site
	0,04
	2,04
	0,04
	
	Largest site
	0,04
	34,04
	0,24

	Summary
	0,04
	70
	0,41
	
	Summary
	0,04
	2
	0,04
	
	Summary
	0,04
	34
	0,24

	Sand casting
	
	Sand casting
	
	Sand casting

	Scenario 1 Average site, max. emission factor
	0,06
	70,06
	0,41
	
	Scenario 1 Average site, max. emission factor
	0,06
	2,06
	0,04
	
	Scenario 1 Average site, max. emission factor
	0,06
	34,06
	0,24

	Scenario 2 90P site, max. emission factor
	0,13
	70,13
	0,41
	
	Scenario 2 90P site, max. emission factor
	0,13
	2,13
	0,04
	
	Scenario 2 90P site, max. emission factor
	0,13
	34,13
	0,24

	Summary
	0.06-0.13
	70,1
	0,41
	
	Summary
	0.06-0.13
	2,1
	0,04
	
	Summary
	0.06-0.13
	34,1
	0,24

	B-table results
	0,51
	70,51
	0,41
	
	B-table results
	0,51
	2,51
	0,05
	
	B-table results
	0,51
	34,51
	0,24

	Largest site
	0,16
	70,16
	0,41
	
	Largest site
	0,16
	2,16
	0,05
	
	Largest site
	0,16
	34,16
	0,24

	Summary
	0.16-0.51
	70,2-70,5
	0,41
	
	Summary
	0.16-0.51
	2,2-2,5
	0,05
	
	Summary
	0.16-0.51
	34,2-34,5
	0,24

	Gravity die casting
	
	Gravity die casting
	
	Gravity die casting

	Scenario 1 Average site, max. emission factor
	0,01
	70,01
	0,41
	
	Scenario 1 Average site, max. emission factor
	0,01
	2,01
	0,04
	
	Scenario 1 Average site, max. emission factor
	0,01
	34,01
	0,24

	Scenario 2 90P site, max. emission factor
	0,03
	70,03
	0,41
	
	Scenario 2 90P site, max. emission factor
	0,03
	2,03
	0,04
	
	Scenario 2 90P site, max. emission factor
	0,03
	34,03
	0,24

	Summary
	0.01-0.03
	70,0
	0,41
	
	Summary
	0.01-0.03
	2,0
	0,04
	
	Summary
	0.01-0.03
	34,0
	0,24

	Pressure die casting
	
	Pressure die casting
	
	Pressure die casting

	Scenario 1 Average site, max. emission factor
	0,07
	70,07
	0,41
	
	Scenario 1 Average site, max. emission factor
	0,07
	2,07
	0,04
	
	Scenario 1 Average site, max. emission factor
	0,07
	34,07
	0,24

	Scenario 2 90P site, max. emission factor
	0,14
	70,14
	0,41
	
	Scenario 2 90P site, max. emission factor
	0,14
	2,14
	0,04
	
	Scenario 2 90P site, max. emission factor
	0,14
	34,14
	0,24

	Summary
	0.07-0.14
	70,1
	0,41
	
	Summary
	0.07-0.14
	2,1
	0,04
	
	Summary
	0.07-0.14
	34,1
	0,24

	Chemicals
	
	Chemicals
	
	Chemicals

	Scenario 1 Average site, max. emission factor
	0,09
	70,09
	0,41
	
	Scenario 1 Average site, max. emission factor
	0,09
	2,09
	0,04
	
	Scenario 1 Average site, max. emission factor
	0,09
	34,09
	0,24

	Scenario 2 90P site, max. emission factor
	0,27
	70,27
	0,41
	
	Scenario 2 90P site, max. emission factor
	0,27
	2,27
	0,05
	
	Scenario 2 90P site, max. emission factor
	0,27
	34,27
	0,24

	Summary
	0.09-0.27
	70,1-70,3
	0,41
	
	Summary
	0.09-0.27
	2,1-2,3
	0,04-0,05
	
	Summary
	0.09-0.27
	34,1-34,3
	0,24

	B-table results
	0,11
	70,11
	0,41
	
	B-table results
	0,11
	2,11
	0,04
	
	B-table results
	0,11
	34,11
	0,24

	Largest site
	0,15
	70,15
	0,41
	
	Largest site
	0,15
	2,15
	0,05
	
	Largest site
	0,15
	34,15
	0,24

	Summary
	0.11-0.15
	70,1-70,2
	0,41
	
	Summary
	0.11-0.15
	2,1-2,2
	0,04-0,05
	
	Summary
	0.11-0.15
	34,1-34,2
	0,24


3.3.6 Conclusions from the local risk characterisation

The local sites with no risks are summarised in Table 3‑14.  89 out of the 103 sites, currently active, show no risks.
Table 3‑14    Summary of the number of companies with no risk for the respective scenarios 

	nr sites
	Copper smelting & refining
	Wirerods & cables
	ingots & shapes & sand & die casting
	 Casting billets & shapes & Semis production
	powders & chemicals

	coverage
	11
	18
	13
	48
	13

	no risk water
	11
	18
	13
	45
	10

	no risk sediment 
	11
	17
	12
	42
	7

	no risk STP
	11
	18
	13
	48
	13

	no risk soil
	11
	18
	13
	48
	13


Additionally, from worst case-sector-specific emission information, no risks are observed for the ingots and shapes and sand and die casting industries. 

Aquatic compartment

From the local risk characterisation, the following conclusion can be made:

Conclusion (ii) for the sector “Smelting and Refining”,  “Wirerod & Cables production”,   “Ingots and Shapes and Die Casting”, “Casting Billets and Plates and production of Semis”.  For these sectors, site-specific data and additional generic evaluations for the sectors with limited data show that, under today’s standard operation conditions, the production of these products does not require further risk reduction measures beyond those which are being applied. 
Conclusion (ii) for most sites of the sector (54%) “Production of copper powders and copper compounds”. For these sites, it was concluded that, under normal operation conditions, the production of these products does not require further risk reduction measures beyond those which are being applied.  

Conclusion (ii) for the sectors casting ingots and sand and die casting. The results from a generic scenario (using worst case emissions and EU wide reasonable worst case PNECs) demonstrates that the production processes lead to very limited emissions and no environmental risks are expected. 

Conclusion (iii) was however drawn with regards to the risks to the aquatic environment (water and/or sediment) for some specific sites within the sectors “Wirerod & Cables production” (1 site),   Ingots and Shapes and Die Casting (1 site)”,  “Casting Billets and Plates and “Production of Semis” (5 sites)”  and “Production of copper powders and copper compounds” (6 sites). For the local sites with conclusion (iii),  the bioavailability corrections, which have been used in the current risk assessment should be incorporated as an essential part of the risk reduction measurement process for these site.    

Conclusion (iii)  was also drawn from applying generic scenario’s (using worst case emission scenario’s and EU wide reasonable worst PNECs) to the following sectors with limited information : “cable manufacturing with outdated treatment techniques” and the “chemicals industry”. For both sectors, the generic scenario indicated potential risks to the aquatic compartment.  For the chemicals industry sector, also a potential risk for sewage treatment plants was identified.  For these sectors, additional information on emissions and bioavailability corrections, which have been used in the current risk assessment should be incorporated as an essential part of the risk reduction measurement process for these sectors.   
Terrestrial compartment, atmospheric compartment, secondary poisoning

Conclusion (ii)
There is at present no need for further information and/or testing and no need for risk reduction measures beyond those which are being applied already.

3.3.7 Regional risk characterisation

Considering the amount and quality of measured data available and the uncertainties related to the modelled data, it was considered that measured data are more reliable for the regional PEC derivation and hence regional risk characterisation. It must be noted however that the measured data are very close to the modelled data if in the EUSES 02 model, a 100 years time frame is used instead of a steady state scenario (see section 3.1.7). 

The environmental Cu concentrations (PECregional) -measured data (section 3.1.5.2 (aquatic) and 3.1.6.2 (terrestrial)) are combined with effects data to determine the corresponding PEC/PNEC values for all regional environmental compartments (surface water, sediment, soil).   Additional information (not mentioned in the regional exposure chapter was obtained for Austria and the 90th percentile of the data set (2 µg Cu/L) was used as regional background for the Austrian sites.  
An overview of measured RWC Cu concentrations in different environmental compartments for different EU countries is presented in Table 3‑15.
Table 3‑15: Summary of the regional concentrations for water, sediment, STP and soil on the basis of measured data. 
	Compartments
	Unit
	RWC Cu conc. EU- countries
	Reference
	Countries

	Surface water 
	
	
	Heijerick & Van Sprang, 2007
	B, Dk, Fi, D, Ir, P, Nl, Sw, UK, Sp, A

	median
	µg/l
	2.9 
	
	

	min
	µg/l
	0.5
	
	

	max
	µg/l
	4.7
	
	

	Sediment
	
	
	Heijerick & Van Sprang, 2007
	B, Fr, Sw, Nl, Sp 

	median
	mg/kg dw
	67.5
	
	

	min
	mg/kg dw
	45.8
	
	

	max
	mg/kg dw
	88.3
	
	

	STP
	
	
	Heijerick & Van Sprang, 2005a
	B, Nl, UK

	median
	µg/l
	15.1
	
	

	min
	µg/l
	11.1
	
	

	max
	µg/l
	54.0
	
	

	Soil
	
	
	Heijerick & Van Sprang, 2007
	Au, B, Fi, Fr D,  Ir, It, Nl, No, Sw, Sp 

	Forest soil (median)
	mg/kg dw
	24.4
	
	

	min
	mg/kg dw
	7.3
	
	

	max
	mg/kg dw
	40.2
	
	

	agricultural soil (median)
	mg/kg dw
	31.2
	
	

	min
	mg/kg dw
	16.5
	
	

	max
	mg/kg dw
	57.4
	
	

	grassland soil (median)
	mg/kg dw
	32.8
	
	

	min
	mg/kg dw
	28.0
	
	

	max
	mg/kg dw
	44.0
	
	


3.3.7.1 Regional risk characterisation for the aquatic compartment

3.3.7.1.1 Freshwater compartment

Dissolved ambient Cu concentrations in European surface waters (Belgium, Denmark, Finland, Germany, Ireland, Portugal, the Netherlands, Sweden, UK) typically range between 0.5 µg/l (Denmark) and 4.7 µg/l (Ireland).
In a Step-wise approach 1 assessment, where the site-specific values of the abiotic factors controlling the metal toxicity are available (coupled data), the normalised PNECs for the particular region under consideration was calculated. Where available, for each sampling site and period, a normalised site/river-specific HC5-50 value is derived by means of the user-friendly Cu-BLM (yielding slightly lower HC5-50 values than the ETX RIVM tool). 
For site (sample)-specifc BLM-PNEC calculations, the following input data are required for different locations/rivers: calcium, sodium, potassium, magnesium, alkalinity, pH, dissolved organic carbon, sulphate, chloride, sulphide, temperature and % humic acid content of DOC. 
The availability of physico-chemical parameters is crucial in order to derive a reliable BLM normalised HC5-50 value.

The procedure for selecting data is as follows:
- If a representative and reliable dataset is available on physico-chemical data for specific sites -e.g. SWAD database; link between physico-chemistry and dissolved Cu concentrations on a site-level-, these data have been used in the normalisation exercise. Such data is available for the Walloon region, Germany, the UK, Sweden, The Netherlands, Spain (river Ebro) and France.
The data allow to derive a region-specific cumulative frequency distribution of the risk characterisation ratio’s and thus an evaluation of the probability of risk for the region considered. 

The region-specific risk ratio is then calculated in analogy to the PEC-regional derivations: (1) where for each site within a region data are available over time, the 90th P for each site is derived and the median of the risk ratio’s across the sites within a region is calculated; (2) where for each site within a region data have been taken only once the 90th P of the risk ratio’s across the sites within a region is calculated.
- In absence of  Step-wise approach 1 data, the Step-wise approach 2 approach (PNECs estimated from similar regions- and/or non-linked phys-chemistry of the same region) were used for the risk characterisation as shown in Table 3‑16.  A Step-wise approach 2 assessment was carried out for data from Flanders, Denmark, Finland, Ireland and Portugal.  Different data sources were consulted in order to obtain the normalisation parameters needed (e.g. Foregs data) and similarities across regions.

Table 3‑16  Overview of the derived RWC-ambient PECs for different European countries (based on the median of site-specific 90P where possible). 
	Country
	PEC (min/max) 
µg/L Cudissolved
	Source of physico-chemical data used for the PNEC derivation 

	Belgium (Walloon)
	1.68 (1.1/5.2)
	SWAD data, site-specific information on DOC, H, pH, others (Step-wise approach 1)

	Germany – Elbe 
                 -Rhine
	 4.3  (3.0/5.1)

1.4-11.6 (10-90thP)
	SWAD data, site-specific information on DOC, H, pH, others(Step-wise approach 1)

	Great Britain

England

Wales

Scotland
	 3.5   (0.9/14.1)

 1.9   (0.5/6.9)

 2.8   (1.0/5.4)
	SWAD data, site-specific information on DOC, H, pH, others (Step-wise approach 1)

	Sweden
	1.8 (0.6-7.2) 
(near total Cu values)
	SWAD data, site-specific information on DOC, H, pH, others (Step-wise approach 1)

	The Netherland
	3.4 (2.6-4.8)
	STOWA project, site-specific information on DOC, H, pH, others (Step-wise approach 1 on separate data-set)

	Spain
	Not determined, too many data below DL, RWC PNEC Europe was used for the RC
	Date from the River Ebro, site-specific information on DOC, H, pH,  (Step-wise approach 1)

	France
	  5.2   (2.5/10.6)
(total Cu values)

Too many data below DL, therefore the RWC Europe (2.9 µg Cu/L) was used for the risk characterisation
	Date from the region Rhone-Méditerranée, Loire-Bretagne, Seine-Normandie, Rhine-Meuse and Artois Picardie : site-specific information on DOC, H, pH, others (Step-wise approach1) 

	Austria
	2 (1-4.2)
	SWAD data, site-specific information on DOC, H, pH, others (Step-wise approach 1)

	Belgium (Flanders )
	4.4 (1.3/20.1)
	Similarity to the Netherlands and Walloon Region  (Step-wise approach 2)

	Denmark
	0.5 (0.49/0.50)
	Foregs and similarity to Germany (Step-wise approach 2)

	Finland
	1.9 (0.5/5.3) (total Cu values)
	Foregs and similarity to Sweden
(Step-wise approach 2)

	Ireland  (Commps)

Northern Ireland
	4.7 (2.1/6.8) (total Cu values)

4.7 (3.0-7.7)
	Foregs and similarity to UK (Step-wise approach 2)

	Portugal
	1.8 (1.5/4.9)
	Foregs and similarity to Spain (Step-wise approach 2)

	
	
	


A1. Step-wise approach 1 – RCR from paired datasets
· Walloon region 
An extensive description and data analysis of available monitoring data for the Walloon region is given in the exposure section of the Cu Risk Assessment (section 3.1.5.2.3). From this analysis, a median RWC for the Walloon region of 1.68 µg dissolved Cu was derived. 

Since for the Walloon region, both physico-chemical data and Cu-dissolved concentrations are available from the SWAD database, site-specific HC5-50 values could be calculated by means of the user friendly Cu-BLM model.

The selection of data for the normalisation exercise has been done as follows:

Data for period 1999-2001 

· physico-chemical data: Temperature (°C), pH (-), DOC (mg C/l), %HA, Ca-d (mg/l), Mg-d (mg/l), Na-d (mg/l), K-d (mg/l), SO4 (mg/l), Cl-d (mg/l), alkalinity, S (mg/l). In this case, alkalinity is estimated from pH; %HA and S are default values (i.e. 0.01). 

· derive HC5-50 for different data points/sampling points/rivers

· select all data with HC5/Cudiss values

· select within BLM: pH: 5.5-8.5; min-max of dataset: 5.8-8.5
· select within BLM parameters: DOC: 0.5-20 mg/l; min-max of dataset: 1.1-19.7 mg/l
· sort by places and rivers

The database allowed to calculate the HC5-50 for 2559 data points, covering 55 sites.  The HC5-50 values are characterised by a median of 15.1 µg Cu/l and 10th /90th percentiles of 7.2 and 35.4 µg Cu/l. For each data point, the RCR=Cudiss/HC5-50 was calculated. In order to derive the site-specific RCR -in analogy to the approach taken in the regional exposure assessment -a 90th percentile of the RCR for all data points for one sampling point/site is derived. The median value of this cumulative distribution function is representative for a specific region/country. A cumulative distribution function of the site-specific RCR values of the Walloon region is shown in Figure 3‑8.
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Figure 3‑8: Cumulative distribution function of site-specific RCR values –based on 90P per site- for the Walloon region (Best fit: Weibull distribution)
From Figure 3‑8, it can be concluded that for none of the sites in the Walloon region, a risk is expected (100% of the sites have RCR<1). The maximum observed RCR value for a particular site is 0.16. The 50P RCR value for the Walloon region of 0.07 is used for the regional assessment. The median normalised HC5-50 is 15.2 µg/l.
Table 3‑17: Min, 10P, 50P, 90P and max values of major physico-chemical parameters, HC5-50 normalised and RCR 

	
	pH
	DOC (mg/l)
	Ca (mg/l)
	Mg (mg/l)
	Na (mg/l)
	HC5-50 normalised 

(µg/l)
	RCR 

(-)

	min
	5.8
	1.1
	8.6
	2.0
	12
	6.37
	0.02

	10P
	
	
	
	
	
	9.34
	0.03

	50P
	7.8
	3.7
	73.3
	7.6
	17.1
	15.15
	0.07

	90P
	
	
	
	
	
	37.32
	0.11

	max
	8.5
	19.7
	165.3
	26.8
	199.3
	68.93
	0.16


· Germany (Elbe)  
River Elbe

Recent total and dissolved copper measurements are also available for the river Elbe. The 90Ps, based on Cudissolved, ranged between 3.0 µg/l (Seemannshöft) and 5.1 µg/l (Zehren).

Since for the river Elbe, both physico-chemical data and Cu-dissolved concentrations are available from the SWAD database, site-specific HC5-50 values could be calculated by means of the user friendly Cu-BLM model. 

For the river Elbe, the selection of data for the normalisation exercise has been done as follows:

Data for the year 2000 

· physico-chemical data: Temperature (°C), pH (-), DOC (mg C/l), %HA, Ca-d (mg/l), Mg-d (mg/l), Na-d (mg/l), K-d (mg/l), SO4 (mg/l), Cl-d (mg/l), alkalinity, S (mg/l). In this case, alkalinity is estimated from pH; %HA and S are default values (i.e. 0.01). 

· derive HC5-50 for different data points/sampling points

· select all data with HC5/Cudiss values

· select within BLM pH: 5.5-8.5; min-max of dataset: 7.0-8.5
· select within BLM parameters: DOC: 0.5-20 mg/l; min-max of dataset: 4.4-7.5 mg/l
· sort by places

The database allowed to calculate the HC5-50 values for 293 data points, covering 13 sites. The HC5-50 values are characterised by a median of 24.2 µg Cu/l and 10 th /90th percentiles of 14.8 and 30.1 µg Cu/l.For each data point, the RCR=Cudiss/HC5-50 was calculated. In order to derive the site-specific RCR a 90th percentile of the RCR for all data points for each sampling site on the Elbe river is derived. The median value of this cumulative distribution function is representative for the Elbe. A cumulative distribution function of the site-specific RCR values is shown in Figure 3‑9- 

Figure 3‑10
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Figure 3‑9: Cumulative distribution function of site-specific RCR values –based on 90P per sampling location- for the river Elbe (Best fit: Weibull distribution).
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Figure 3‑10: Cumulative distribution function of RCR values –based on individual data points- for the river Elbe (Best fit: Weibull distribution)
From Figure 3‑9  and Figure 3‑10, it can be concluded that for none of the sampling locations on the Elbe river, a risk is expected (100% of the sites have RCR<1). The maximum observed RCR value for a particular sampling location is 0.22. The 50P RCR value for the river Elbe is 0.17.  This value is used for the regional assessment. The median normalised HC5-50 is 27.7 µg/l.

Table 3‑18: Min, 10P, 50P, 90P and max values of major physico-chemical parameters, HC5-50 normalised and RCR

	
	pH
	DOC (mg/l)
	Ca (mg/l)
	Mg (mg/l)
	Na (mg/l)
	HC5-50 normalised (µg/l)
	RCR (-)

	min
	7.0
	4.4
	39
	7.7
	14
	25.40
	0.09

	10P
	
	
	
	
	
	26.28
	0.14

	50P
	7.7
	5.2
	54
	11
	27
	27.65
	0.17

	90P
	
	
	
	
	
	32.81
	0.19

	max
	8.5
	7.5
	112
	19
	111
	35.45
	0.22


River basin of the Rhine

Recent copper measurements (total copper) are available for the river Rhine basin. Different rivers from the river Rhine were considered here, i.e. the Rhine (with sampling stations Bad honnef, Karlsruhe, Kleve-bimmen, Koblenz, Mainz, Öhningen, Vogelgrün), the Main (sampling station Bischofsheim, Kahl a main), the Saar (i.e. sampling stations Kanzem, Saarbrücken), the Mosel (sampling stations Koblenz, Palzem), the Neckar (Mannheim). Because only total Cu concentrations were reported, Cu dissolved concentrations were calculated based on the partitioning coefficient approach:

Cudiss =  Cutot (1/(1+Kp*Cs*10-6))

With Kp the median partitioning coefficient for suspended solids (30,246 L/kg) and Cs the river specific suspended solids concentration.

The 90Ps, based on Cudiss, ranged between 1.4 µg/l (Öhningen) and 11.6 µg/l (Kahl-a-main). Since for the river basin of The Rhine, both physico-chemical data and Cu concentrations are available from the SWAD database, site-specific HC5-50 values could be calculated by means of the user friendly Cu-BLM model. 

For the river basin of the river Rhine, the selection of data for the normalisation exercise has been done as follows:

Data for the year 2000 

· physico-chemical data: Temperature (°C), pH (-), DOC (mg C/l), %HA, Ca-d (mg/l), Mg-d (mg/l) and SS (mg/l). In this case, alkalinity is estimated from pH; %HA, Na-d (mg/l), K-d (mg/l), SO4 (mg/l), Cl-d (mg/l) and S (mg/l) are default values (i.e. 0.01). 

· Suspended solids (Cs in mg/L): the mean suspended solids concentrations varied between 8.6 mg/l for the sampling site in Koblenz in the river Rhine and 26.2 mg/l for the sampling site Bischofsheim in the river Main.
· derive HC5-50 for different sampling sites
· select all sampling site data with HC5/Cudiss values

· select within BLM pH: 5.5-8.5; min-max of dataset: 7.5-8.4 

· select within BLM parameters: DOC: 0.5-20 mg/l; min-max of dataset: 1.5-4.7 mg/l

· The Cu concentrations were not coupled with the measurements of the abiotic factors (pH, DOC, …). Therefore, RCR values for the sampling site were obtained through the comparison of the 90P of the Cu values with the median normalised HC5-50 of the site,

· sort by places

The database allowed to calculate the HC5-50 values for 14 sampling sites. The HC5-50 values are characterised by a median of 15.1 µg Cu/l and 10 th /90th percentiles of 8.4 and 28.9 µg Cu/l. For each sampling site, the RCR=Cu/HC5-50 was calculated. The cumulative distribution function of the sampling site-specific RCR values is shown in Figure 3‑11.
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Figure 3‑11: Cumulative distribution function of RCR values –based on sampling sites - for the river basin of the Rhine in Germany
From Figure 3‑11, it can be concluded that for none of the sampling locations on the river Rhine river basin, a risk is expected (100% of the sites have RCR<1). The maximum observed RCR value for a particular sampling location is 0.43. The 50P RCR value for the river Rhine is 0.21.  This value is used for the regional assessment. 

Table 3‑19: Min, 10P, 50P, 90P and max values of major physico-chemical parameters, HC5-50 normalised and RCR

	
	pH
	DOC (mg/l)
	Ca (mg/l)
	Mg (mg/l)
	HC5-50 normalised (µg/l)
	RCR (-)

	min
	7.7
	1.6
	51.7
	7.6
	7.4
	0.09

	10P
	
	
	
	
	8.4
	0.12

	50P
	7.9
	2.5
	63.6
	15.0
	15.0
	0.21

	90P
	
	
	
	
	28.9
	0.43

	max
	8.1
	4.3
	101.3
	19.8
	33.5
	0.61


· UK data 
Since for the UK, both physico-chemical data and Cu-dissolved concentrations are available from the SWAD database, site-specific HC5-50 values could be calculated by means of the user friendly Cu-BLM model. 

For the UK, the selection of data for the normalisation exercise has been done as follows:

Data for 1999-2001 

· physico-chemical data: Temperature (°C), pH (-), DOC (mg C/l), %HA, Ca-d (mg/l), Mg-d (mg/l), Na-d (mg/l), K-d (mg/l), SO4 (mg/l), Cl-d (mg/l), alkalinity, S (mg/l). In this case, alkalinity is estimated from pH; %HA and S are default values (i.e. 0.01). 

· derive HC5-50 for different data points/sampling points

· select all data with HC5/Cudiss values

· select within BLM pH: 5.5-8.5; min-max of dataset: 5.9-8.5

· select within BLM parameters: DOC: 0.5-20 mg/l; min-max of dataset: 0.5-18 mg/l
· sort by places and rivers

· exclude local site influence and outliers.  One site had average copper levels of 268 µg/l, for the other sampling points/periods copper levels between 700 and 6500 µg Cu/L were reported  (outliers and mining activities).
The database allowed to calculate the HC5-50s for 2460 data points, covering 82 sites. The HC5-50 values are characterised by a median of 10.6 µg Cu/l and 10 th /90th percentiles of 2.9 and 26.6 µg Cu/l.For each data point, the RCR=Cudiss/HC5-50 was calculated. In order to derive the site-specific RCR -in analogy to the approach taken in the regional exposure assessment -a 90th percentile of the RCR for all data points for one sampling site is derived. The median value of this cumulative distribution function is representative for a specific region/country. A cumulative distribution function of the site-specific RCR values is shown in Figure 3‑12.
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Figure 3‑12: Cumulative distribution function of site-specific RCR values –based on 90P per sampling location- for the UK.

From Figure 3‑12it can be concluded that, based on the 90thP at each site,  for ten sampling sites in the UK, a risk is expected (RCR=1.1-5.2). A summary of the most important physico-chemical parameters for the different rivers/locations at risk is presented in Table 3‑21. The median RCR value for the UK is thus 0.45. This value is used for the regional assessment.  The median BLM normalised HC5-50 is 23.2 µg/l.

On the basis of the cumulative distribution function it can be concluded that the probability that risk is observed at the 90P per site is 12%.  The risk characterisation was further evaluated from the 50P at each site. From Figure 3‑13 it can be concluded that on the basis of the 50P per sampling location for three sampling sites in the UK, a risk is expected (RCR=1.1-3.4). Locations are: Gwithian Towans (Red River) (RCR of 3.4; median copper concentration of 14.6 µg Cu/L), Testwood (Test river) (RCR of 1.4; median copper concentration of 2.5 µg Cu/L), Gatersmill (Itchen River) (RCR of 1.1; median copper concentration of 2.5 µg Cu/L). On the basis of the cumulative distribution function it can be concluded that the probability that risk is observed for the sites  is 4%. For these 3 sites, two sites had copper levels close to background levels (2.5 µg Cu/L) and one site has copper levels of 14.6 µg Cu/L.   
Table 3‑20: Min, 10P, 50P, 90P, max values of major physico-chemical parameters, HC5-50 normalised and RCR

	
	pH
	DOC (mg/l)
	Ca (mg/l)
	Mg (mg/l)
	Na (mg/l)
	HC5-50 normalised (µg/l)
	RCR (-)

	min
	5.9
	0.5
	0.5
	0.1
	0.1
	2.45
	0.03

	10P
	
	
	
	
	
	7.11
	0.13

	50P
	7.9
	4.9
	91.8
	5.8
	24.8
	23.24
	0.43

	90P
	
	
	
	
	
	43.56
	1.30

	max
	8.5
	18.0
	182
	62.6
	546
	85.25
	5.18
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Figure 3‑13 : Cumulative distribution function of site-specific RCR values –based on 50P per sampling location- for the UK.

Table 3‑21: Physico-chemical parameters (Ca, Mg, Na, DOC, pH) and dissolved Cu concentrations of locations at risk (median, min-max) 

	Location (River)
	Cu conc. 
(µg dissolved Cu/l)
	Ca (mg/l)
	Mg (mg/l)
	Na (mg/l)
	DOC (mg C/l)
	pH

	Midford (Midford Brook) 
	2.2 (1.4-4.1)
	117 (80-127)
	13 (6.9-19.4)
	21 (9.2-39.1)
	2.7 (1.4-6.4)
	8.1 (7.3-8.4)

	Ware Lock (Lee River),
	3.1 (1.4-7.4)
	126 (107-136)
	3.7 (3.0-4.7)
	34 (22-60)
	3.2 (1.7-6.7) 
	8.0 (7.7-8.5)

	NSWC Intake, Egham (Thames River),
	4.3 (2.3-9.1)
	112 (96-125)
	4.8 (4.4-6.0)
	27 (17-42)
	4.5 (3.0-8.7)
	8.1 (7.3-8.5)

	Bretts Bailey Bridge (Great StourRiver),
	3.0 (1.9-11.8)
	108 (62-117)
	4.5 (3.7-5.5)
	27.6 (16-40)
	3.2 (2.2-9.8)
	7.8 (7.0-8.2)

	Notter Bridge (Lynher River)
	6.7 (3.8-10.0)
	12.5 (8.4-14.0)
	3.8 (2.6-5.0)
	10 (8.3-21.2)
	1.5 (0.9-5.3)
	7.6 (7.1-7.8)

	Gunnislake Newbridge (Tamar River),
	12.1 (5.0-19.3)
	17.0 (9.9-19.8)
	4.9 (2.6-6.2)
	12.7 (7.8-16.3)
	3.1 (1.3-9.2)
	7.7 (6.6-8.7)

	Confluence with Thames (Colne River)
	6.1 (3.2-37.4)
	114 (37.5-124)
	4.2 (0.3-6.3)
	39 (11.2-59.0)
	4.6 (2.8-7.5)
	8.1 (7.5-8.4)

	Gatersmill (Itchen River),
	2.5 (1.2-4.5)
	114 (98-121)
	2.4 (2.2-2.7)
	15 (12.3-18.5)
	1.9 (1.3-3.1)
	8.1 (7.7-8.2)

	Testwood (Test river)
	2.5 (0.8-3.5)
	112 (39-118)
	2.1 (1.7-5.1)
	11.1 (9.9-20.6)
	1.5 (1.2-5.2)
	8.0 (7.0-8.4)

	Gwithian Towans (Red River, South West)
	14.6 (7.9-43.5)
	33.6 (24.6-44.6)
	11.8 (8.6-15.7)
	23.7 (19.7-34.6)
	1.2 (0.9-4.9)
	7.6 (6.7-8.0)


· Data for Sweden 
Monitoring data on the physicochemistry of Swedish surface waters were gathered from the website of the Swedish University of Agricultural Science (http://info1.ma.slu.se/). Attention was given to data collected in 2001. With the available information it was possible to determine site-specific HC5-values by means of the user friendly Cu-BLM model.

The selection of data for the normalisation exercise has been done as follows:

· All data used were from the year 2001,

· the following physico-chemical data were available: Temperature (°C), pH (-), dissolved organic carbon (DOC; mg C/l), %HA, Ca-d (mg/l), Mg-d (mg/l), Na-d (mg/l), K-d (mg/l), SO4 (mg/l), Cl-d (mg/l), alkalinity, S (mg/l). In this case %HA and S are default values (i.e. 0.01),

· DOC is assumed to be 80% of the reported TOC-levels;

· Reported Cu-levels refer to "near total" concentrations, i.e., samples for trace metals analysis were collected in a separate bottle, which is acidified upon arrival to the laboratory using HNO3. So only metals that are easily dissolved from the solids in the sample are included. The determination of Cu was performed with an ICP-MS.

· HC5-50 was derived for the different data points/sampling points,

· all sites for which both the HC5 and Cudiss are available, were selected,

· select within BLM: pH: 5.5-8.5; min-max of dataset: 5.51-8.41;

The physico-chemical parameters and the HC5,50 values for the different Swedish surface  water are summarized in Table 3‑22.

For Sweden, monitoring data from 1012 different samplings, covering surface waters throughout Sweden, were available. Dissolved Cu concentrations varied between 0.04 and 17 µg/L. No indication was given that any of the reported Cu-levels represented the detection limit of the applied analytical method. 

The database allowed the calculation of RCR-values for 1012 data points.  For each data point, the RCR=Cudiss/HC5-50 was calculated. A cumulative distribution function of the site-specific RCR values of Swedish surface waters is shown in Figure 3‑14. The Log-logistic distribution that was fitted through the site-specific RCR-values shows that the RCR is situated between 0.0024 and 3.82. However, for 99.4% of the monitored sites the RCR was below 1, and the 90th percentile of all site-specific RCR-values was 0.205, i.e., for 90% of the monitored Swedish surface waters the Cu-HC5,50 was at least a factor of 5 above the measured Cu-concentration. 

Table 3‑22 : Min, 10P, 50P, 90P and max values of major physico-chemical parameters, HC5,50 normalised and RCR 

	
	pH
	DOC (mg/l)
	Ca (mg/l)
	Mg (mg/l)
	Na (mg/l)
	HC5-50 normalised

(µg/l)
	RCR 

(-)

	min
	5.51
	0.45
	0.3
	0.1
	0.3
	0.74
	0.002

	10P
	
	
	
	
	
	5.65
	0.019

	50P
	6.86
	7.0
	4.7
	1.2
	4.0
	19.1
	0.062

	90P
	
	
	
	
	
	35.2
	0.205

	max
	8.41
	20.2
	89.7
	12.8
	59.9
	91.0
	3.827
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Figure 3‑14 : Cumulative distribution function  - based on all available monitoring data - of site-specific RCR values for Swedish surface waters
In analogy to the approach taken in the regional exposure assessment, a 90P-value for the RCR was derived for each of the 145 locations that were included in the data set. The distribution of these site-specific 90P-RCR-values is given in Figure 3‑15.  It should be noted that the number of measurements varied for each location, and ranged from 1 to 24 samplings per site. The 90P-RCR values were situated between 0.012 and 3.83. Six of the 145 site-specific RCR-values were higher than 1, indicating that for 95.9% of the investigated sites no risks related to copper exposure are expected. The 6 sites where a risk is expected are : Amten (1 sample only), Hallsjon (2 samples, one with  a RCR>1), Oversjon (1 sample only), Skardalsvattnet (1 sample only), Ulnasnoret (6/12 samples with RCR>1) and Ovre Skarsjon (1 sample only).    For the Ulnasnoret the median RCR was 0.9.
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 Figure 3‑15  : Cumulative distribution function of site-specific RCR values –based on 90P per site- for Swedish surface waters

The median value of this distribution –which can be considered as a typical regional RCR for Sweden, is 0.104. This regional RCR is a factor of 2 below the regional RCR that is based on the 90th percentile of all measurements. The difference between both values can be explained by the fact that sites with a somewhat higher RCR may be overrepresented when all data are considered, e.g., the impact of a site with a single, low RCR on the regional RWR is negligible compared to the impact of 24 samples representing a site with a higher RCR.  

As the site-specific approach is preferred compared to a global analysis (cfr. exposure assessment methodology), an RCR value for Sweden of 0.104 is used for the regional assessment.

· Data for The Netherlands 
In 2006, STOWA (Foundation on Applied Research for Water Management, The Netherlands) collected more than 200 surface water samples between July and December 2006 in six different so-called water regions: Regge & Dinkel, Dommel, HHSK, Velt en Vecht, Hunze en AA’s, and WVE. Main physico-chemical characteristics were determined (pH, dissolved organic carbon, major cation concentrations and different metal concentrations including nickel) and brought together in an excel database.

The selection of data for the normalisation exercise has been done as follows:

-
all data represented Dutch surface water properties for the 2006 period,

· physicochemical data: Temperature (°C), pH (-), DOC (mg C/l), %HA, Ca-d (mg/l), Mg-d (mg/l), Na-d (mg/l), K-d (mg/l), SO4 (mg/l), Cl-d (mg/l), alkalinity, S (mg/l). In this case %HA and S are default values (i.e. 0.01),

· All measured Cu concentrations < detection limit (DL) were used as DL (conservative estimate); detection limits were 0.69, 0.7 and 1.0  µg Cu/L,

· a HC5-50 was derived for different data points/sampling points,

· all sites for which both the HC5,50 and Cudiss are available, were selected,

· select within BLM: pH: 5.5-8.5; min-max of dataset: 5.50-8.50;

The physico-chemical parameters and the HC5,50 values for the different Dutch water bodies are summarized in Table 3‑23.
Table 3‑23: Min, 10P, 50P, 90P and max values of major physico-chemical parameters, HC5,50 normalised for six different Dutch water bodies 

	
	pH
	DOC (mg/l)
	Ca (mg/l)
	Mg (mg/l)
	Na (mg/l)
	HC5-50 normalised

(µg/l)
	RCR 

(-)

	Full data set

	min
	5.50
	1.70
	14
	3.7
	
	2
	0.009

	10P
	6.89
	6.19
	33.0
	5.4
	
	19.5
	0.021

	50P
	7.40
	13.3
	65.6
	9.59
	
	36.8
	0.049

	90P
	8.0
	23.1
	100.0
	18.0
	
	77.4
	0.135

	max
	8.50
	45.0
	170
	38.0
	
	133
	1.297

	Individual water bodies (median values)

	Dommel
	7.1
	7.9
	38.3
	6.4
	24
	30.4

(10:90P: 4.9-44.8)
	90P: 0.326

	HHSK
	7.75
	14
	98.5
	18
	73.5
	43.7

(10:90P: 22.1-64.2)
	90P: 0.201

	Hunze & AA’s
	8.0
	23
	52
	7
	41
	84.7

(10:90P: 28.5-101.5)
	90P: 0.046

	Regge & Dinkel
	7.5
	11
	64
	6.9
	36
	35.7

(10:90P: 21.7-58.3)
	90P: 0.087

	Velt & Vecht
	7.3
	13
	59
	6.8
	18
	45.2

(10:90P: 15.3-89.8)
	90P: 0.127

	WVE
	7.5
	11
	65
	8
	28
	31.4

(10:90P:16.2-46.2)
	90P: 0.102

	Median of 90P-values::
	
	
	
	
	
	
	0.132


A total of 201 data points were used for the regional risk characterisation for the Netherlands. Based on all available RCR values a 90P-value of 0.135 is found for this parameter. A (Log-PearsonVI) distribution based on all individual RCR-values is shown in Figure 3‑16. RCR-values range from 0.009 to 1.297. An RCR >1 was only found in 2 of the 201 water samples for which a risk characterisation could be performed.
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Figure 3‑16: Cumulative distribution function of site-specific RCR values for Dutch  surface waters

Conducting an analysis on monitoring data for each of the six water bodies (see also Table 3‑23) results in 90P-values for the RC that are situated between 0.046 (Hunze and AA’s) and 0.326 (Dommel). The median value of these six 90P-valeues is considered as a typical worst case RCR for these Dutch surface waters, and is 0.132, i.e., a value that is almost identical to the 90P-value of the pooled data set (0.135). As the site-specific approach is preferred compared to a global analysis (cfr. exposure assessment methodology), an RCR value of 0.132 for Dutch surface waters is used for the regional assessment.

· Data for Spain (Ebro river) 
Since for the Ebro river in Spain, both physico-chemical data and Cu-dissolved concentrations are available from the Spanish environmental ministry (http://oph.chebro.es/DOCUMENTACION/Calidad/CalidadDeAguas.html), site-specific HC5-50 values could be calculated by means of the user friendly Cu-BLM model.

The selection of data for the normalisation exercise has been done as follows:

· All data used were from the year 2002,

· physico-chemical data: Temperature (°C), pH (-), DOC (mg C/l), %HA, Ca-d (mg/l), Mg-d (mg/l), Na-d (mg/l), K-d (mg/l), SO4 (mg/l), Cl-d (mg/l), alkalinity, S (mg/l). In this case %HA and S are default values (i.e. 0.01),

· derive HC5-50 for different data points/sampling points,

· All measured Cu concentrations < detection limit (DL) were used as DL (conservative estimate),

· select all data with HC5/Cudiss values,

· select within BLM: pH: 5.5-8.5; min-max of dataset: 7.6-8.5,

· select within BLM parameters: DOC: 0.5-20 mg/l; min-max of dataset: 2.7-11.5 mg/l,

· sort by places.

For the river Ebro, monitoring data from 6 different sampling stations were gathered, i.e. Tortosa (9 data points), Zaragossa (2 data points), Zaragossa Almozora (8 data points), Miranda (15 data points), Castejon (6 data points) and Asco (6 data points). Dissolved Cu concentrations in the river Ebro, varied between 0.5 and 5.0 µg/L. Detection limits (DL) between 0.5 and 5.0 µg/L were reported. 67% of all data were reported as below the DL.

 The database allowed to calculate the RCR values for 43 data points, covering 6 sites.  For each data point, the RCR=Cudiss/HC5-50 was calculated (AF=1). In order to derive the site-specific RCR -in analogy to the approach taken in the regional exposure assessment -a 90th percentile of the RCR for all data points for one sampling point/site is derived. The median value is representative for a specific region. A cumulative distribution function of the site-specific RCR values of the Ebro river in Spain is shown in Figure 3‑17.
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Figure 3‑17: Cumulative distribution function of site-specific RCR values –based on 90P per site- for the river Ebro in Spain

From Figure 3‑17, it can be concluded that for none of the sites of the Ebro river in Spain, a risk is expected (100% of the sites have RCR<1). The maximum observed RCR value for a particular site is 0.70. The 50P RCR value for river Ebro of 0.59 is used for the regional assessment. The median normalised HC5-50 is 11.0 µg/l.

Table 3‑24 : Min, 10P, 50P, 90P and max values of major physico-chemical parameters, HC5-50 normalised and RCR 

	
	pH
	DOC (mg/l)
	Ca (mg/l)
	Mg (mg/l)
	Na (mg/l)
	HC5-50 normalised 

(µg/l)
	RCR 

(-)

	min
	7.6
	2.7
	44.7
	4.9
	10.5
	5.56
	0.04 

	10P
	
	
	
	
	
	7.30
	0.11 

	50P
	8.3
	4.5
	98.9
	18.2
	91.3
	11.0
	0.29 

	90P
	
	
	
	
	
	20.9
	0.64 

	max
	8.7
	11.5
	234.0
	49.5
	294.0
	36.7
	0.70 

	
	
	
	
	
	
	
	


· - Data for France  
Since for the rivers situated in the region Rhône-Médittérannée, Loire-Bretagne, Seine-Normandie, Rhine-Meuse and Artois-Picardies in France, both physico-chemical data and Cu-total concentrations are available from the French Agence de l’Eau (http://www.rhone-mediterranee.eaufrance.fr/; www.eau-seine-normandie.fr; www.eau-artois-picardie.fr; www.eau-rhin-meuse.fr/; www.eau-loire-bretagne.fr), site-specific HC5-50 values could be calculated by means of the user friendly Cu-BLM model. Because only total Cu concentrations were reported, Cu dissolved concentrations were calculated based on the partitioning coefficient approach:

Cudiss =  Cutot (1/(1+Kp*Cs*10-6))

With Kp the median partitioning coefficient for suspended solids (30,246 L/kg) and Cs the river specific suspended solids concentration.

The selection of data for the normalisation exercise has been done as follows:

-
all data were from the years 2005-2006,

· physico-chemical data: Temperature (°C), pH (-), DOC (mg C/l), %HA, Ca-d (mg/l), Mg-d (mg/l),. In this case %HA, Na-d (mg/l), K-d (mg/l), SO4 (mg/l), Cl-d (mg/l), and S (mg/l) are default values (i.e. 0.01),

· Suspended solids (Cs in mg/L): for the river Isère a mean Cs of 35.2 mg/L; for the river Saône a mean Cs of 17.0 mg/L; for the river Rhône a mean Cs of 34.6 mg/L; for the river Durance a mean Cs of 25.2 mg/L; for the river Loire a Cs for the considered sampling sites between 4.9 and 20.3 mg/L; for the river Seine a Cs of 20.3 mg/L; for the river Rhine a Cs of 8.0 µmg/L; for the river Meuse a Cs of 7.0 mg/L; no Cs for the river Scheldt were retrieved, therefore a default value of 15 mg/L was retained.
· All measured Cu concentrations < detection limit (DL) were used as DL (conservative estimate),

· derive HC5-50 for different data points/sampling points,

·  The Cutot concentrations were not coupled with the measurements of the abiotic factors (pH, DOC, …). Therefore, RCR values for the sampling site were obtained through the comparison of the 90P of the Cudiss values with the median normalised HC5-50 of the site,

· select within BLM: pH: 5.5-8.5; min-max of dataset: 7.8-8.5,

· select within BLM parameters: DOC: 0.5-20 mg/l; min-max of dataset: 0.6-5.3 mg/l

· sort by places.

The physico-chemical parameters and the HC5-50 values for the different rivers considered in France are summarized in Table 3‑25 to Table 3‑28.
Table 3‑25: Min, 10P, 50P, 90P and max values of major physico-chemical parameters, HC5-50 normalised for the river Isère
	
	pH
	DOC (mg/l)
	Ca (mg/l)
	Mg (mg/l)
	Na (mg/l)
	HC5-50 normalised 

(µg/l)

	min
	7.8
	0.6
	71
	8.2
	6.1
	1.7

	10P
	
	
	
	
	
	2.0

	50P
	7.9
	1.0
	83
	10.7
	7.8
	3.4

	90P
	
	
	
	
	
	4.3

	max
	8.3
	1.4
	100
	15.4
	20.2
	4.7

	
	
	
	
	
	
	


For the river Isère, monitoring data from 2 different sampling stations were gathered, i.e. Grenoble (4 data points) and Chateaune (4 data points). Dissolved Cu concentrations in the river Isère, calculated from the partitioning approach, varied between 1.0 and 2.9 µg/L resulting in a 90P value of 2.4 µg/L for the Grenoble sampling station and  1.2 µg/L for the Chateaune sampling station. Detection limits (DL) between 2.0 and 5.0 µg/L were reported. 40% of all data were reported as below the DL. Risk characterisation ratios of 0.77 and 0.36 were respectively estimated.

Table 3‑26: Min, 10P, 50P, 90P and max values of major physico-chemical parameters, HC5-50 normalised for the river Durance

	
	pH
	DOC (mg/l)
	Ca (mg/l)
	Mg (mg/l)
	Na (mg/l)
	HC5-50 normalised 

(µg/l)

	min
	8.1
	0.8
	73
	13.3
	20.3
	3.3

	10P
	
	
	
	
	
	3.4

	50P
	8.2
	1.2
	81.5
	13.7
	83.0
	4.4

	90P
	
	
	
	
	
	6.6

	max
	8.3
	1.9
	95
	14.2
	118.0
	7.1

	
	
	
	
	
	
	


For the river Durance, monitoring data from 1 sampling station were gathered, i.e. Mées (4 data points). Dissolved Cu concentrations in the river Durance, calculated from the partitioning approach, varied between 1.1 and 5.1 µg/L resulting in a 90P value of 2.8 µg/L. Detection limits (DL) between 2.0 and 5.0 µg/L were reported. 37% of all data were reported as below the DL. A risk characterisation ratio of 0.64 was estimated.

Table 3‑27: Min, 10P, 50P, 90P and max values of major physico-chemical parameters, HC5-50 normalised for the river Rhône

	
	pH
	DOC (mg/l)
	Ca (mg/l)
	Mg (mg/l)
	Na (mg/l)
	HC5-50 normalised 

(µg/l)

	min
	7.9
	1.1
	40
	5.1
	5.8
	3.9

	10P
	
	
	
	
	
	4.0

	50P
	8.1
	1.5
	63
	6.4
	10.4
	4.7

	90P
	
	
	
	
	
	5.4

	max
	8.3
	2.0
	73
	7.4
	14.7
	7.6

	
	
	
	
	
	
	


For the river Rhône, monitoring data from 4 different sampling stations were gathered, i.e. Arles (4 data points), Charmes-sur-Rhône (4 data points), Donzère (4 data points) and Pougny (4 data points). Dissolved Cu concentrations in the river Rhône, calculated from the partitioning approach, varied between 1.0 and 4.4 µg/L resulting in a 90P value of 4.1 µg/L for the Arles sampling station, 2.4 µg/L for the Charmes-sur-Rhône sampling station, 2.4 µg/L for the Donzère sampling station and 2.4 µg/L for the Pougny sampling station. Detection limits (DL) between 2.0 and 5.0 µg/L were reported. 70% of all data were reported as below the DL. Risk characterisation ratios of 0.81, 0.54, 0.52 and 0.61 were respectively estimated.

Table 3‑28: Min, 10P, 50P, 90P and max values of major physico-chemical parameters, HC5-50 normalised for the river Saône

	
	pH
	DOC (mg/l)
	Ca (mg/l)
	Mg (mg/l)
	Na (mg/l)
	HC5-50 normalised 

(µg/l)

	min
	7.8
	1.8
	50
	3.6
	4.3
	4.5

	10P
	
	
	
	
	
	4.6

	50P
	8.1
	2.4
	77
	4.8
	19.0
	6.6

	90P
	
	
	
	
	
	10.9

	max
	8.5
	3.3
	88
	10.1
	47.7
	11.3

	
	
	
	
	
	
	


For the river Saône, monitoring data from 4 different sampling stations were gathered, i.e. Auxonne (4 datapoints), Crêches-sur-Saône (2 datapoints), Lyon (4 datapoints) and Saint-Bernard (4 datapoints). Dissolved Cu concentrations in the river Saône, calculated from the partitioning approach, varied between 1.1 and 5.9 µg/L resulting in a 90P value of1.1 µg/L for the Auxonne sampling station, 1.3 µg/L for the Crêches-sur-Saône sampling station, 4.1 µg/L for the Lyon sampling station and 2.9 for the Saint-Bernard sampling station. Detection limits (DL) between 2.0 and 5.0 µg/L were reported. 57% of all data were reported as below the DL. Risk characterisation ratios of 0.14, 0.17, 0.69 and 0.45 were respectively estimated.

Cu concentrations in the rivers Loire, Seine, Scheldt, Meuse and Rhine are not frequently measured. Recent Cu concentrations were retrieved in the following sampling stations: Veauchette & Fourchambault for the river Loire, Amfreville for the river Seine, Vieux Condé for the river Scheldt, Lauterbourg for the river Rhine and Goncourt for the river Meuse. Dissolved Cu concentrations in the rivers Loire (as single value for the sampling stations), Seine (as single value for the sampling station), Scheldt (as 90P for the sampling station), Meuse (as 90P for the sampling station) and Rhine (as 90P for the sampling station), calculated from the partitioning approach, varied between 1.0 (river Loire) and 10.7 µg/L (river Scheldt).The physco-chemical parameters and the HC5-50 values for the different rivers considered Loire-Bretagne, Seine-Normandie, Rhine-Meuse and Artois-Picardie in France (for the rivers Loire, Seine, Scheldt, Rhine and Meuse) are summarized in Table 3‑29.  
Table 3‑29 : Values of major physico-chemical parameters, HC5-50 normalised for the rivers Loire, Seine, Scheldt, Rhine and Meuse.
	River
	Location
	pH
	DOC (mg/l)
	Ca (mg/l)
	Mg (mg/l)
	HC5-50 normalised (µg/l)
	PEC (µg/l)
	RCR

	Loire 
	Veauchette
	7.58
	4.71
	20.2
	5.2
	27.4
	0.96
	0.035

	Loire
	Fourchambault
	8.03
	3.73
	14.1
	5.3
	19.2
	1.24
	0.065

	Seine
	Amfreville
	7.73
	3.37
	101.5
	6.8
	6.4
	1.50
	0.23

	Scheldt
	Vieux Condè
	7.62
	5.34
	10.1
	10.0
	33.5
	10.66
	0.32

	Rhine
	Lauterbourg
	8.1
	2.20
	54.2
	7.7
	8.02
	4.03
	0.50

	Meuse
	Goncourt
	7.9
	5.2
	82.0
	8.1
	20.5
	2.48
	0.12


The database allowed to calculate the RCR for 17 sites from 9 rivers in France. For each sampling station, the RCR were calculated from the comparison of the uncoupled Cudiss (as 90P or as single value) with the median HC5-50 (AF=1). A cumulative distribution function of the site-specific RCR values for the different sampling stations for the rivers situated in France is shown in Figure 3‑18.
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Figure 3‑18: Cumulative distribution function of site-specific RCR values for the rivers in France

From Figure 3‑18, it can be concluded that for none of the sampling stations for the considered rivers situated in France, a risk is expected (100% of the sites have RCR<1). The maximum observed RCR value for a particular site is 0.81 (situated in the river Rhône). The 50P RCR value for the rivers in France of 0.45 is used for the regional assessment. 

Data for Austria

The database of Austria was developed based on the data collected in the year 2006 from the Federal Agency for Water Management. The data consisted in the sampling of 9 Austrian federal states (1 – Burgenland (13); 2 – Carinthia (32); 3 - Lower Austria (52); 4 - Upper Austria (53); 5 – Salzburg (27); 6 – Styria (41); 7 – Tyrol (48); 8 – Vorarlberg (18) and 9 – Vienna (5)) and the sampling locations for each federal state are indicated within brackets (289 in total). The collection of the data in each sampling  location was carried out up to 12 times per year. The data from Austria consisted in a total of 29.002 data entries for DOC (dissolved organic carbon), pH, alkalinity, hardness as well as the concentrations of total and in dissolved forms of Cu, Ni and Zn.  
The selection of data for the normalisation exercise has been done as follows:

· the following physico-chemical data were available: Temperature (°C), pH (-), dissolved organic carbon (DOC; mg C/l), %HA, Ca-d (mg/l), Mg-d (mg/l), In this case %HA, Na-d (mg/l), K-d (mg/l), SO4 (mg/l), Cl-d (mg/l), and S (mg/l) are default values (i.e. 0.01),

· Reported Cu-levels refer to dissolved concentrations,

· HC5-50 was derived for the different data points/sampling points,

· all sites for which both the HC5 and Cudiss are available, were selected,

· select within BLM: pH: 5.5-8.5; min-max of dataset: 6.9-8.5;

The physico-chemical parameters and the HC5,50 values for the different Austrian surface  water are summarized in Table 3‑30
For Austria, monitoring data from 156 different samplings, covering surface waters throughout Austria, were available. Dissolved Cu concentrations varied between 1.0 and 4.2 µg/L with a 90thpercentile of 2 µg Cu/L. No indication was given that any of the reported Cu-levels represented the detection limit of the applied analytical method. 

The database allowed the calculation of coupled RCR-values for 156 data points.  For each data point, the RCR=Cudiss/HC5-50 was calculated. A cumulative distribution function of the site-specific RCR values of Austrian surface waters is shown in Figure 3‑19. The distribution of RCR values is situated between 0.04 and 0.66. The 50P RCR value for the Austrian rivers of 0.17 is used for the regional risk characterisation. 
Table 3‑30: Min, 10P, 50P, 90P and max values of major physico-chemical parameters, HC5,50 normalised and RCR 

	
	pH
	DOC (mg/l)
	Ca (mg/l)
	Mg (mg/l)
	HC5-50 normalised

(µg/l)
	RCR 

(-)

	min
	6.9
	0.52
	4.7
	0.95
	0.74
	0.04

	10P
	7.6
	0.8
	15.8
	3.2
	5.65
	0.07

	50P
	8.1
	1.4
	43.8
	8.8
	19.1
	0.17

	90P
	8.3
	3.6
	74.0
	14.9
	35.2
	0.35

	max
	8.5
	9.3
	223.1
	45.1
	91.0
	0.66
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Figure 3‑19: Cumulative distribution function  - based on all available monitoring data - of site-specific RCR values for Austrian surface waters
A2. Step-wise approach 2 assessment -  read-across from other data (non linked)  
For the regions without Step-wise approach 1 information, PNEC values,  determined from other datasets of the same region (Foregs data) or from similar regions were used for the risk characterisation.  For Flanders, the great similarity with the Netherlands and Walloon was used for the read across and thus,  the PNEC values derived for the Netherland/Walloon were compared with the Flemish PEC values for the risk characterisation. For Denmark, Finland, Ireland and Portugal, country-specific Foregs data, and similarities with other regions were used for the PNEC derivations of each region.  
The selection of  FOREGS data for the normalisation exercise has been done as follows:

· physico-chemical data: Temperature (°C), pH (-), DOC (mg C/l), %HA, Ca-d (mg/l), Mg-d (mg/l), Na-d (mg/l), K-d (mg/l), SO4 (mg/l), Cl-d (mg/l), alkalinity, S (mg/l). In this case %HA and S are default values (i.e. 0.01), alkalinity was calculated from the pH, assuming an open system.

· select within BLM: pH: 5.5-8.5; min-max of selected dataset: 5.6-8.4,

· The OC detection limit is 0.5 mg/L and data with  DOC: 0.5-20 mg/l were used for the calculation; min-max of selected dataset: 0.5-20 mg/l.  Useful to mention that some data were excluded due to DOC levels>20 mg/l
Table 3‑31 provides the summary of the physico-chemistry and calculated HC5-50 values for the Danish, Finish, Irish and Portugese Foregs data

Table 3‑31:  Min, 10P, 50P, 90P and max values of major physico-chemical parameters, HC5-50 normalised for the Danish, Finish, Irish and Portugese Foregs data
	Denmark

N=4
	pH
	DOC (mg/l)
	Ca (mg/l)
	Mg (mg/l)
	Na (mg/l)
	HC5-50 normalised 

(µg/l)

	min
	6.1
	6.7


	8.7
	2.1
	9
	9

	10P
	
	
	
	
	
	11.2

	50P
	6.5
	7.9
	11.9
	2.8
	13.4
	17.3

	90P
	
	
	
	
	
	21.6

	max
	7.8
	17.1
	74.3
	4.0
	16.8
	24

	
	
	
	
	
	
	

	Finland

N=30
	pH
	DOC (mg/l)
	Ca (mg/l)
	Mg (mg/l)
	Na (mg/l)
	HC5-50 normalised 

(µg/l)

	min
	6.1
	4.3
	2.7
	0.8
	0.9
	12

	10P
	
	
	
	
	
	17.7

	50P
	6.9
	13
	4.2
	1.4
	1.8
	42.4

	90P
	
	
	
	
	
	59.9

	max
	7.7
	19.6
	14.2
	4.2
	7.4
	69

	
	
	
	
	
	
	

	Ireland

N=7
	pH
	DOC (mg/l)
	Ca (mg/l)
	Mg (mg/l)
	Na (mg/l)
	HC5-50 normalised 

(µg/l)

	min
	5.6
	6.1
	2.8
	0.9
	3.7
	5

	10P
	
	
	
	
	
	5.9

	50P
	7.1
	13.1
	16.2
	3.7
	7.6
	8.5

	90P
	
	
	
	
	
	43

	max
	8
	16.9
	156.8
	10.8
	13.4
	47

	
	
	
	
	
	
	

	Portugal

N=16
	pH
	DOC (mg/l)
	Ca (mg/l)
	Mg (mg/l)
	Na (mg/l)
	HC5-50 normalised 

(µg/l)

	min
	5.7
	1.6
	1.8
	1
	4
	2

	10P
	
	
	
	
	
	3

	50P
	6.8
	3.2
	12.1
	5.6
	16
	7.8

	90P
	
	
	
	
	
	27.1

	max
	8.4
	16.2
	116.1
	104
	283
	57

	
	
	
	
	
	
	


Table 3‑32 provides an overview of the PEC values, the calculated HC5-50 values and the regional RCR.  The table shows that for none of the regions, a regional risk is expected:  all RWC median PEC values are below the median HC5-50 values of the region with RCR between 0.05 and 0.55. Even comparing the region-specific 90th percentiles of the PECs (= 90th P of the site-specific 90thP) with the 10-90th percentiles  ranges of  the HC5-50 values, no risks are expected for Flanders, Denmark, Finland, Ireland (considering total copper levels were measured) and Portugal (using the analogy with Spain). Also for the combination of the PEC values with the HC5-50 values determined for Northern Ireland and Portugese regions, the probability of risks is very low: only where the worst case PEC (highest 90th percentiles) are linked to the worst case HC5-50 values (10th percentile), RCR slightly exceed 1.
Useful to mention that also, if a Step-wise approach 3 (RWC scenario of 7.8 µg Cu/L) was used, no risks would be observed.  
Table 3‑32 : Comparison between the derived PEC values and calculated  HC5-50 values (Step-wise approach 2) 
	Country
	RWC PEC (µg/L Cudissolved ) 

Median (Min-Max) of the 90th percentiles by region


	Estimated HC5-50

Median (10/90thP)
	Regional RCR

Median RWC PEC/Median HC5-50
	Source of physico-chemical data, nr of data points

	Belgium (Flanders )
	4.4 (1.3/20.1);

 90th % of the site-specific 90 th % : 8.9
	11.7 (9.3-18.9)
36.8 (19.5-77.4)


	0.38

0.12
	Similarity to the Walloon and Flanders (Table 3‑3) 

	Denmark
	0.5 (0.49/0.50)
	17.3 (11.2-21.6) 20.5 (11.7-29.3)


	0.05

0.02
	-Foregs data, n= 4 (Step-wise approach 2) 

-Similarity Germany Table 3‑3


	Finland 
	1.9 (0.5/5.3) (total Cu values)
	42 (18-60)

18 (13.8-23.3)
	0.05

0.11
	-Foregs data,n=30 (Step-wise approach 2) 

-Similarity Sweden (Table 3‑3)


	Ireland  (Commps)
	4.7 (2.1/6.6) (total values)
	8.5 (6-43)

17 (12-29)
	0.55

0.28
	-Foregs data, n=7  (Step-wise approach 2)
-Similarity UK Table 3‑3

	Northen Ireland 
	4.7 (3.0-7.7) ;

 90th % of the site-specific 90 th % : 6.7
	8.5 (6-43)

17 (12-29)
	0.55

0.28
	-Foregs data Ireland, n= 7 (Step-wise approach 2)
-Similarity UK  Table 3‑3


	Portugal 
	1.8 (1.5/4.9); 

90th % of the site-specific 90 th %s : 4.0
	7.8 (3-27)

11 (7-21)
	0.23

0.26


	- Foregs data Portugal, n= 16 (Step-wise approach2)

Similarity to Spain Table 3‑3


· A3 : Summary of  Step-wise approach 1 and Step-wise approach 2 regional risk characterisations 
From the Step-wise approach 1 and Step-wise approach 2 analysis,  summarized in Table 3‑33, it can be concluded that copper does not pose a regional risk to the aquatic compartment. Regional RCR range between 0.03 and 0.55. Considering all individual sites, RCR >1 are only expected in rare occasions and thus limited to very localized situations. 
Table 3‑33:   Overview of the regional RCR and probabilities of site-specific risks  
	Regions
	 Regional RCR 
	% sites with median RCR>1 (Step-wise approach)

	Belgium – Walloon
	0.07
	None (Step-wise approach 1)

	Germany – Elbe

Germany-Rhine
	 0.17

0.21
	None (Step-wise approach1)

	Great Britain

England

Wales

Scotland
	0.45
	4 (Step-wise approach 1)

	Sweden
	0.1  
	3 (Step-wise approach1)

	The Netherland
	0.1
	1

	Spain
	0.59
	None (Step-wise approach1)

	France
	0.4 to 0.54
	None (Step-wise approach1)

	Austria
	0.17
	none (Step-wise approach1)

	Belgium (Flanders )
	0.12
	Very low probability (Step-wise approach 2)

	Denmark
	0.03
	None (Step-wise approach 2)

	Finland 
	0.05
	None (Step-wise approach 2)

	Ireland  (Commps)
	0.55 (based on total Cu)
	None (Step-wise approach 2)

	Northen Ireland 
	0.55
	Very low probability (Step-wise approach 2)

	Portugal 
	0.16 -0.23
	Very low probability (Step-wise approach 2)

	
	
	


3.3.7.1.2 Marine waters

Exposure data were obtained for the coastal areas of Belgium, The Netherlands, Norway, Denmark,  Sweden and UK sampled between 1984 to 2005.  The 90th percentiles ranged between 0.8 and 2.7 µg Cu/l. with a median  90th percentiles of 1.1 µg Cu/L.  The value of 2.7 µg Cu/L was derived for older data (84-85) and is therefore not considered as representative for current regional marine waters. The data  represent  coastal area’s of the N. Sea, the Baltic, the Kattegat and the Skagerrak. 

From the effects analysis a PNEC coastal area’s of 2.6 µg Cu/l was retained (applying an AF2 on the HC5-50 values). 

The marine RCR therefore range between 0.3 and 1.0 when considering all data (including the 1984-1985 data).  All RCR are <0.5 when considering the more recent data.  The a median RCR is 0.4 (
Table 3‑34
). It can therefore be concluded that there is no regional risk from copper exposure to the marine coastal zone.
Table 3‑34 : Table  Overview of the Marine PEC and regional RCR for marine waters
	Country
	Median 
	90th percentile PEC
	RCR (PEC/HC5-50)

	 
	µg dissolved Cu/L
	µg dissolved Cu/L
	(PNEC 4.4 µg Cu/L

	Belgium  '89 (Baeyens, 1998)
	0.5
	0.8
	0.3

	Denmark '87 (ICES, 2006)
	0.7
	1.1
	0.4

	The Netherlands '00-'05 (ICES,2006)
	0.7
	1.1
	0.4

	Norway '88-'90 (ICES,2006)
	0.6
	1.1
	0.4

	Sweden '84-'85 (ICES 2006)
	0.6
	1.4
	0.5

	UK '84-'85 (ICES 2006)
	0.7
	2.7
	1.0

	Baltic Sea '96 (Kremlin & Streu, 2000)
	0.6
	 
	 

	Median
	0.6
	1.1
	0.4


Although, no exposure concentrations have been obtained for S. European marine waters, there are other lines of evidence to support the potential  risks for the southern part of Europe.  

The reasoning below provides support on  the validity of the conclusions drawn for the Northern part of Europe for the Southern part of Europe:

1. The marine exposure data, obtained for the N. Sea, Kattegat, Skagerrak and Baltic are very consistent (median values ranging between 0.5 and 0.7 µg Cu/L). 

2. As mentioned in the marine exposure chapter of  the RAR,  the OSPAR report ( OSPAR,2001, report R2C4) also allows to distinguish between riverine and atmospheric inputs and shows that 80 to 86% of the total anthropogenic copper input into the Greater North Sea is  of riverine origin (Table 3‑35).

Further considering that the copper concentrations measured in the rivers from southern European countries are similar to the ones measured in the northern EU countries (Figure 3‑20), the  riverine input into the southern marine systems are thus not expected to be higher.   Therefore, the concentration in the marine waters in southern  Europe are not expected to be higher then the ones observed in the northern marine waters and is reasonable to assume that the conclusion drawn for northern European marine waters  also apply to southern European marine waters.

As it was not possible to quantify the possible influence of the residence/turnover time and the relative sizes/volumes of the marine waters in northern Europe compared with southern Europe on the concentrations, this is as a possible area of uncertainty.

Table 3‑35  Riverine and Atmospheric emissions into the Greater N. Sea (Extracted from OSPAR 2001).
	Year 
	         Inputs of copper into N. Sea (t/year)
	% Riverine

	 
	Riverine inputs
	Atmospheric inputs
	total
	 

	1990
	1250
	305
	1555
	80

	1996
	950
	160
	1110
	86
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 Figure 3‑20 . Comparison of copper levels in rivers from different European regions.

3.3.7.1.3 Freshwater sediment 
A. Risk characterisation without AVS correction

From Table 3‑36, it can be noted that, even without AVS correction,  the ambient sediment concentrations do not result in a risk scenario for benthic organisms, except for a potential marginal risks in the Netherlands (RCR non-corrected PEC values: 0.53-1.01.). 

Table 3‑36  Overview of the derived RWC-ambient Cu-sediment PECs for different European countries.  The RWC values represent  90th percentiles of the regional data
	Country
	No. of sediment samples
	RWC-ambient PEC
	RCR

	
	
	mg Cu /kg
	PNEC : 87 mg Cu/kg

	Belgium – WTBD (VMM)
	1636
	75.4
	0.87

	France – Artois-Picardie
	410
	47.6
	0.55

	France – Rhône-Mediterranean area
	196
	45.8
	0.53

	      France – Average 
	 
	46.8
	0.54

	Sweden 
	297
	52.2
	0.60

	
	
	 
	 

	The Netherlands – Waterbase
	24
	88.3
	1.01

	Spain – COMMPS
	23
	79
	0.91


B. Bio-availability refinement for the sediment compartment

As mentioned in the sediment effects chapter, the RCR for sediments can be refined using the AVS-SEM approach. Data are available for Flanders, The Netherlands, UK,  Finland  as well as for a dataset of wadable streams in Europe (Burton et al., 2007).  Additional data are expected from Spain.

Available AVS databases

In order to apply the SEM-AVS correction a good picture of the presence and geographical distribution of AVS concentration in European sediments is needed. Knowledge on the occurrence of AVS concentrations is, however, limited. An overview of the different databases per country is given in Figure 3‑21   as Box-Whisker plots with AVS data reported for other countries. A box and whisker diagram, or boxplot, provides a graphical summary of a set of data based on the quartiles of that data set:

The ‘box’, or rectangle, in Figure 3‑21  contains 50% of the data, and the extremes of that box are the 25th percentile and 75th percentile. Each ‘whisker’ represents the remaining 25% of the data and the extremities of these whiskers are the minimum and maximum values of the data.
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Figure 3‑21 : Overview Box-Whisker plots AVS data (µmol/g dry wt) for Belgium (Flanders, n =202 stations), the Netherlands (n = 29 stations), Hungary (n = 9 stations), UK (n= 16 stations), Finland (= 25 stations), Spain (n = 20 stations), Serbia (n = 12 stations).  For Italy (n = 4 stations) and Sweden (n = 4 stations) only the individual sampling points are given.
The largest database available is for the Flemish region in Belgium. This database representative for EU low midland rivers contains 200 sediments, typically sampled over a depth of 0-10 cm.  The 50th percentile of the AVS distribution yields an AVS value of 8.7 µmol/g dry wt (Vangheluwe et al. 2005
). The lowest AVS concentration in the Flanders dataset is 0.045 µmol/g dry wt.  The 10th percentile is 0.77 µmol/g dry wt. The latter value was suggested in the different ongoing metal risk assessments to be used as a generic default correction value for low midland rivers (the Netherlands, Germany and possibly Northern France) when site specific measurements are lacking. The Netherlands (Van den Hoop et al, 1997, Van Den Berg et al, 1999, 2001)) has a database of 29 sediments with a 50th percentile of 5.85 µmol/g dry wt and a 10th percentile of 1.2 µmol/g dry wt. Limited data sets for Germany and Hungary are available.  For Germany only data from one site at the river Rhine (up and downstream local site) and the river Lippe (up and downstream local site) and the artificial Schmallenberg pond (10 samples) are available but not considered as relevant for a regional risk . AVS levels range from 0.1-16.2 µmol/g dry wt. with a  50th percentile of  5 µmol/g dry wt and a 10th percentile of  0.3 µmol/g dry wt. For Hungary AVS data (n=9)  are available for the river Tisza and Szamos. Most values were equal are above the 0.77 µmol/g dry wt. benchmark.  At three sites AVS concentrations were measured that were lower: 0.1, 0.2 and 0.3 µmol/g dry wt., resulting in a 50th percentile of  0.5 µmol/g dry wt and a 10th percentile of  0.18 µmol/g dry wt. 

It has been suggested by various Member States that not enough data were available at present to determine if the Flanders dataset is indeed representative of other EU regions. Therefore it was agreed to embark on a multi-metallic Conclusion 1 program aimed at collecting AVS data for countries that are not yet covered by the current dataset. As such 3 additional countries have been sampled: Finland, UK and Spain. 

The sediment sampling program focused on sampling the 0-5 cm of the sediments and having a representative picture of the regional AVS distribution. Although the intention was to sample in the spring season (April-May) where AVS concentrations are expected to be the lowest, this was only possible for Finland (most samples taken in May). In the UK, sampling was conducted in June-September because flooding events in the period May-June preventing sampling. Spain could only start the monitoring in October. In Finland a total of 25 samples were taken (13 lakes, 12 rivers). Analysis of the AVS concentrations gives a 10th percentile of 1 µmol/g dry wt and a 50th percentile of 11 µmol/ g dry wt. The lowest concentration measured was 0.3 µmol/g dry wt. For the UK 16 sediments from 16 different rivers  were sampled belonging to 8 EA regions (Anglian-, Midlands-, Northeast-, Northwest-, Southwest-, Southern-, Thames and Wales region). Analysis of the AVS concentrations gives a 10th percentile of 0.31 µmol/g dry wt and a 50th percentile of 7.95 µmol/ g dry wt. The lowest concentration measured was 0.071 µmol/g dry wt.  For Spain 20 samples of the river Ebro were sampled. Analysis of the AVS concentrations gives a 10th percentile of 3.68 µmol/g dry wt and a 50th percentile of 13.5 µmol/ g dry wt. The lowest AVS concentration measured was 1.7 µmol/g dry wt. 

In addition other databases were recently identified. Prica et al (2007) analyzed SEM-AVS concentrations in contaminated sediments collected from rivers in the Danube basin. Sediment was analyzed in the following watercourses: the Begej, Tisa and Tamis rivers, the Danube-Tisa-Danube (DTD) Canal, the Sava at Sabac and the Danube. Analysis of the AVS concentrations gives a 10th percentile of 4.3 µmol/g dry wt and a 50th percentile of 7.43 µmol/ g dry wt. The lowest AVS concentration measured was 3.1 µmol/g dry wt

Burton et al. (2007) investigated AVS concentrations for 84 sites in wadeable streams of 10 countries and nine ecoregions of Europe. The results showed AVS concentrations ranging from 0.004 µmol/g dry wt. to 44 µmol/g dry wt with an median value of 0.1 µmol/g dry wt (sample depth 0-5 cm) and an average value of 2.5 µmol/g dry wt. It should be noted that sediments in this program were collected in head streams resulting in very low AVS and SEM levels. 

Several member states expressed their concern with regard to the number of samples taken to represent the AVS concentrations in their region.  It is recognized that the sample size (16-25 samples per region) is limited for a complete regional characterization and that uncertainty will be larger on the 10th percentile estimate as sample size is reduced. It should, however, in the discussion not be forgotten that originally the monitoring exercise was triggered based on the concern that the use of the default AVS concentration, derived from the Flanders regional sediment database (200 sediments) as a conservative estimate for those regions for which no AVS data are available, was not representative enough for other EU regions. If the results of the current project would indeed indicate for a selected region that statistical significant lower AVS concentrations are found than those measured in Flanders then the derivation of a region specific 10th percentile should be warranted.

In order to evaluate the remaining uncertainty related to the sample size on the regional 10th percentile estimate of the AVS concentration and to evaluate if the 10th percentile of the Flanders data set of 0.77 µmol/g dry wt can be used as a reasonable worst case two assessments have been conducted. First, it has been assessed what the size of the sampling uncertainty of the 10th percentile is for a sample size of 25 samples. Second, a power analysis has been conducted to assess which significant differences can be detected for which sample sizes. Finally, the 50th percentile values of the UK, Finland and the Netherlands were tested for significant differences when compared to the 50th percentile of Flanders (Belgium).

b. Sampling uncertainty of 10th percentile for 25 samples

The choice of an appropriate sample size is an essential component of any experimental design. Different criteria should be followed to determine the appropriate sample size, and these have to consider both mathematical and scientific-technical issues. Two important aspects need to be considered in any study:

(1) Characterization of the sampling uncertainty (i.e. uncertainty due to the inability to take an infinite number of samples) where the desired level of precision in the estimation needs to be specified, in this case how much deviation is accepted in the estimation of the regional 10th percentile of the AVS concentration? This aspect is mainly related to statistical/mathematical concerns.

(2) The level of scientific reliability (sampling strategies, selection of monitoring sites), in this case the availability and representativeness of the selected sites for monitoring.

To cover both aspects, the AVS database for Flanders was selected in a simulation study. After all, this database contains a large number of sampling points (200), representative for the Flemish river sediments. Therefore, the geographical variability is well covered in the sampling design. The AVS concentrations and the 10th percentile (10P) can be found in the Figure 3‑22.  The 10th percentile is equal to 0.77 µmol/g DW and the 90% confidence interval of this estimation is 0.57 - 1.08 µmol/g DW (see also 
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Figure 3‑22: Cumulative AVS distribution Flemish dataset 

A simulation study
 was conducted in order to evaluate what kind of deviations are to be expected when selecting less than 200 samples (e.g. 25 samples). The result of the simulation study is a confidence interval on the 10th percentile. The resulting 90% confidence interval of the 10th percentile for sample size 25 is 0.34 – 2 µmol/g DW (see also Table 3‑36).

Table 3‑37: Overview simulated 90 % confidence interval on the 10th percentile

	
	90% confidence interval on the 10th percentile  = 0.77 µmol/g dry wt

	Sampling size = 200
	0.57 – 1.08

	Sampling size = 25
	0.34 – 2


The 90% confidence interval should be interpreted as the majority (90%) of all possible outcomes of the 10th percentile when taking a specified sample size. As the table indicates, sometimes the 10th percentile can be underestimated and on other occasions (depending on the selected sample-sites), the 10th percentile will be overestimated.

The table indicates that a sample size of 25 evidently leads to a more uncertain estimate of the 10th percentile compared with a sample size of 200. However, the increase in uncertainty of the upper confidence interval bound is less than a factor of 2. The results are valid for the Flanders database but can be considered equally valid for other regions with AVS concentrations of similar order of magnitude.

c. Power analysis

Performing power analysis and sample size estimation is an important aspect of experimental design, because without these calculations, sample size may be too high or too low. If sample size is too low, the experiment will lack the precision to provide reliable answers to the questions it is investigating. If sample size is too large, time and resources will be wasted, often for minimal gain.

The power of a statistical test is the probability that the test will reject a false null hypothesis (the null hypothesis is in this case: the 10th percentile of AVS in Flanders is equal to the 10th percentile of AVS in another European region). As power increases, the chances of a Type II error decrease, and vice versa. The probability of a Type II error is referred to as β. Therefore power is equal to 1 − β. In statistics, a power of 80% is commonly accepted (Type II error rate of 20%).

A power analysis has been conducted to assess at which sample size which significant differences between the 50th percentile of the AVS concentration in Flanders (with sample size 200) and the 50th percentile of the AVS concentration can be detected. Following assumptions were made in the power analysis: 1) the power was fixed at the acceptable level of 80%, 2) a lognormal distribution was assumed, 3) significant differences in the mean/50P are a measure for significant differences in the 10th percentile
. The results are presented below. A distinction is made between two scenarios: 1) testing that the 10th percentile of AVS in the region is greater or smaller than the 10th percentile of AVS in Flanders (standard scenario in case one does not know a priori if the 10th percentile of AVS in the region is going to be larger or smaller than the one in Flanders) (see Figure 3‑23 below left); 2) testing the 10th percentile of AVS in the region is smaller than the 10th percentile of AVS in Flanders (see Figure 3 below right). This latter scenario reflects more closely the objectives of this exercise: the monitoring exercise was triggered to evaluate if default AVS concentration derived from the Flanders regional sediment database (200 sediments) could be used as a conservative estimate for those regions for which no AVS data are available. If a European region with smaller AVS concentrations is found, it is needed to verify whether that AVS concentration is indeed significantly smaller.
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Figure 3‑23: Detected difference between 50P Flanders and 50 P region X in function of sample size for a power of 80 %

The difference that can be detected decreases as the sample size increases. In other words, the more information is available, the easier it becomes to detect a significant difference. In both cases, it can be observed that a sample size of 25 is a reasonable number providing reliable answers without wasting too many resources. It can also be observed that detectable differences are larger if it is hypothesized that the 50P of the region can be larger or smaller than the 50P of Flanders. The current 50P of Flanders is 8.7 µmol/g dw. When a sample size of 25 is used to characterize 50P of AVS in region X, a significant difference can only be observed in case the 50P of the region is larger than 23.7 µmol/g (8.7 + 15). If it is hypothesized that 50P of the region is smaller than 50P of Flanders, much smaller differences can be detected. When a sample size of 25 is used to characterize 50P of AVS in region X, a significant difference can already be observed in case the 50P of the region is smaller than 4.2 µmol/g (8.7 – 4.5). Based on the Flemish AVS database (where 200 samples were available), it can be concluded that a sample size of 16-25 is sufficiently large to estimate the 10th percentile of a regional distribution of AVS concentrations, especially when significant differences with a smaller AVS concentration are to be detected. However, care should be taken in selecting the appropriate rivers

e. Derivation of a reasonable worst case default AVS concentration: statistical significance testing

Both the one-sided Standard Two-sample t-Test, Welch modified Two-sample t-Test, Wilcoxon rank-sum test and Two-sample Kolmogorov Smirnov Test were unable to detect statistical significant difference between the 50th percentile values of the databases Finland, UK, Spain, Serbia and the Netherlands compared with the Flemish (Belgium) database. As such it can be concluded that the 10th percentile of Flanders (Belgium) of 0.77 µmol/g dry wt. can be considered as a reasonable worst case default AVS concentration to be used in lack of site specific measured data.

In order to further evaluate the robustness of the default AVS value, two alternative methods were used to check significance level at 10P.   

1. the mean values and standard deviations between Flanders and the other regions were compared. Under the lognormal distribution model, the 10P is fully determined by the mean and the standard deviation. Statistical analysis indicates there are no significant differences between the means (using the t-test and wilcoxon test at 2.5% significance level) and the standard deviations (using the variance test, the ansari test and the mood test at 2.5% significance level). A significance level of 2.5% was used such that the overall significance level of testing both the mean and the standard deviation would be around 5%. This would conclude that the 10Ps are also not significantly different.

2. when pooling all the AVS data, collected across Europe in a similar way in the conclusion i program (i.e. Belgium, United Kingdom, Spain and Finland) representing a total of 261 sediments, an overall 10P of 0.87 µmol/g dry weight was calculated, being somewhat above the 10P for Flanders.
f.  Importance of spatial and temporal variability in AVS concentrations

Critiques have been raised on the applicability of the AVS concept, due to reported spatial and temporal variability in AVS concentrations in freshwater sediments. This chapter briefly outlines the issues and is focused on the most recent papers published on this subject. 

Introduction

Several studies reported on the dynamic behaviour of AVS in natural systems. Besides the inherent spatial variations observed between different sampling locations AVS concentrations differ with depth. Most often the AVS concentration increases with increasing sediment depth (even over small sample distances 0-10 cm,) and is linked to the redox gradient present in the sediment (Van Den Berg et al, 1998 and Van Den Berg et al, 2001). In addition there seems to be a strong seasonal component where AVS concentrations tend to be the higher at the end of the summer and during fall and lower in winter and spring (Howard & Evans, 1993; Van Den Hoop et al, 1997; Grabowski et al, 2001). Most often the above mentioned phenomena are strongly influenced by dynamic behaviour of the overlying water stream (Poot et al, 2007).

Temporal variability

Temporal variability has been addressed by several authors (Van den Berg et al. 1998; Van Griethuysen et al., 2005, 2006). The results indicate that seasonal variability is closely linked to microbial activity. Microbial activity depends on water temperature and higher temperatures in spring and summer will result in increased microbial activity yielding a higher sulphate reduction rate. The net result is hat AVS concentrations tend to be generally higher at the end of the summer and during fall and lower in winter and spring when microbial activity is low. Care should be taken in extrapolating the results of floodplain soils (e.g.  Van Griethuysen et al, 2005/ Poot et al, 2007). In fact some of the floodplain soils showed an opposite AVS seasonality because of preferential inundation and concomitant AVS formation in winter as was observed by Poot et al, 2007. 

The sampling strategy used for most of the AVS databases reported in this report took this seasonality factor as much into account as possible. Samples were taken by preference in spring time when AVS levels are expected to be the lowest.  

Spatial variability

The importance of spatial heterogeneity of AVS and associated metal concentrations has been recognized in risk assessment of trace metal polluted sediments. Two criteria are very important for the spatial variability:

a) vertical variability (depth) 

b) two dimensional horizontal variability (surface) 

- Vertical spatial variability

The observed vertical gradient in sediment AVS is mainly caused by the oxidation of AVS near the sediment/overlying water interface.  Another contributing factor is sediment bioturbation (De Witt, 1996). Peterson et al (1996). Typically lower AVS concentrations are measured in the 0-5 cm gradient due to the presence of an aerobic layer that is rather thin, typically on the order of only a few millimetres to a few centimetres in thickness (Carlton and Klug 1990; Hesslein 1976; Statzner et al. 1988; DiToro et al. 1991).  Any surficial layer metal sulphide that becomes dissolved in the pore water, as a result of metal sulphide oxidation, will not simply build up in the pore water and remain there. Rather it will be subject to diffusion from the pore water into the overlying water as it is produced. Given that the aerobic layer is quit thin, this diffuse flux will tend to temper any increase in pore water metal levels that occur as a result of the oxidation process.

It should be noted that AVS concentration in the top layer should not be set to zero by default because of the assumption that they are aerobic. Studies showing depth profiles indeed still indicate measurable amounts of AVS in the 0-5 cm layer. Example: between 1-2 cm AVS concentration ranged from 0.7-6.1 µmol/g dw in a floodplain lake (Van Griethuysen et al, 2005). Similar results were obtained for Swedish sediments (AVS concentrations between 0-2 cm ranged between 0.011 and 2.86 µmol/g dw (Wiklund and Sundelin, 2002). Hansen et al 1996 reported < 1 µmol/g for sediment depths 0-1 cm, 1 to 8 µmol/g wt for 1-3 cm sediment depth. Finally Buykx et al, 1999 reported AVS concentrations between 0.8-4.2 µmol/g dry wt for a sediment depth of 0.5 cm.

Comparison of the 10th percentile of the Flanders database (0.77 µmol/g dry wt.; typical sampling depth (0-10 cm) with the above reported typical AVS concentrations in the 0-5 cm surface layers clearly indicate that the 10th percentile of the bulk AVS concentration (i.e. 0.77 µmol/g dry wt) is within the reported ranges for surface sediment layers and can be considered as such as a suitable estimate of AVS concentrations in sediment surface layers.

In the most recent monitoring campaign (UK, Finland and Spain) sampling depth was restricted to 0-5 cm.

- Horizontal spatial variability

Only a limited amount of papers actually investigated the spatial variability of AVS concentrations in sediments. Most often the spatial variability described are for floodplains that are only occasionally inundated during winter time and are exposed to more extreme conditions. Therefore it is difficult to extrapolate these observations to river sediments which are constantly underwater.

Van Griethuysen et al. (2003) investigated the spatial variability 0-5 cm of the sediments at 43 locations in a floodplain lake in the Netherlands. SEM concentrations were more or less constant (average 5.3 µmol/g ± 0.4) while AVS concentrations were highly variable (average 15.3 µmol/g ± 9 µmol/g) showing a strong spatial dependence due to differences in lake depth, total sulphur pools and redox potential. 

Van Griethuysen et al. (2004) also investigated AVS and ΣSEM concentrations for 10 floodplain Dutch lakes in the month of September (good separation between nearby rivers and lake sediments). Four locations per lake were sampled to account for spatial variability in lake depth, grain size distribution, organic matter content and redox conditions. Since the inundations are often occurring in the Netherlands, striking differences are observed in total trace metal distribution in relation to OC and clay even between the same floodplain sediments. Moreover other criteria like distance from nearby rivers, number of inundations per year, surface of lake, depth and water transparency were taken into account in the interpretation of the results. The AVS values were in the range 0.9-48.8 µmol/g, while the SEM between 0.2-14.0 µmol/g. Trace element content in floodplains is positively correlated with the inundation frequency. 

Poot et al. (2007) investigated the spatial variability of AVS within the framework of the EU program Aquaterra. They collected sediments from six sampling sites in the river Dommel or its tributaries and four floodplain soils adjacent to the river. At each site three sediment/soil cores within 1m2 (0-5 cm) were taken. Precision of the chemical analysis was evaluated by taking triplicate measurements of SEM and AVS concentrations. Averaged relative standard deviation (RSD) of the triplicate measurements on a homogenized sediment/soil sample (i.e. upper 5 cm of one core) was 9 % for AVS and 19 % for SEMCu. On request the author shared the raw data on the 3 individual sediment cores taken within 1 m2 at one point in time. This allows us to actually evaluate the spatial horizontal variability within a small surface area (1m2). The AVS and ΣSEM measurements performed on each site showed that the standard deviations can be fairly large for both parameters (Table 2).

Table 3‑38: Relative standard deviation (RSD) with min-max indication between brackets (calculations based on raw data provided by Poot et al, 2007)
	Sediment type
	RSD AVS (%)
	RSD SEM (%)
	RSD OM (%)

	River sediment
	70.3

(3.3-173)
	31.3

(1.6-115.6)
	40.6

(2.9-126,6)

	Flood plain soil/sediment
	44.3

(4.7-97.9)
	29.1

(5-81.8)
	19

(2.5-46.4)


Relative Standard Deviation (RSD or coefficient of variation)) was for AVS on average 70.3 % (3.3-173 %) for rivers and 44.3 % (4.7-97.9 %) for flood plains. For SEM RSD values of 31.1 % (1.6-115.6 %) were reported for rivers and 29.1 % (5-81.8 %) for SEM concentrations in floodplains.  Since the triplicate samples show a low RSD (<10% for AVS and 20% for ΣSEM), the observed standard deviation is primarily caused by small scale spatial variation. The observed spatial variability is of the same order of magnitude to the variability what can be observed for other parameters frequently measured in sediments. For example, the RSD of the organic matter measurements for river sediments have and average value of 40.6 % (2.9-126.6 %). Flood plain soils/sediments showed lower RSD values with an average of 19 % (2.5-46.4). Birch et al (2001) reported also RSD values in the same order of magnitude for metal concentrations in aquatic sediments of dynamic environments.

Summary and conclusion

Both temporal and spatial variations are important to be considered when collecting SEM-AVS data. AVS concentrations have the tendency to be lower in spring and winter then in summer. Furthermore lower AVS levels are measured in the 0-5 cm sediment layer than in deeper layers. 

The AVS database for Flanders contains a large number of sampling points (200), representative for the Flemish river sediments. Therefore, the large scale geographical variability is well covered in the sampling design. Furthermore samples were taken in spring season when it can be expected that AVS concentrations are the lowest.
Both the one-sided Standard Two-sample t-Test, Welch modified Two-sample t-Test, Wilcoxon rank-sum test and Two-sample Kolmogorov Smirnov Test were unable to detect statistical significant difference between the 50th percentile values of the AVS databases for Finland, UK, Spain, Serbia and the Netherlands when compared with the Flemish (Belgium) database.  The data from Poot et al, (2007) showed that the variability observed in AVS and SEM measurements is mainly related to small-scale spatial variation and less with analytical errors. This small scale variability makes it difficult to assess spatial variation between sites or temporal variation within a site.

g. Regional risk characterization Flanders (Belgium), United Kingdom, Finland, Spain, Serbia and  the Netherlands and other regions based on the SEM-AVS concept.

The presence of sufficient large SEM-AVS databases representing regional conditions for Belgium (Flanders), UK, Finland, the Netherlands, Spain and Serbia allows to perform a regional risk characterization for these countries/region. The data for Germany and Hungary represent specific local conditions (e.g.  metal spill in Hungary and local SEM-AVS data from production sites for Germany)) and can not be used for the regional risk characterization. 

For this purpose cumulative SEMCu-AVS concentration plots have been elaborated. The data show that for the different countries that up until the 90th percentile of the coupled SEMCu-AVS data no measured bioavailable copper is expected to occur. As such it can be concluded that copper presents little or no regional risk for sediments in the UK, Finland, Belgium (Flanders), the Netherlands, Spain and Serbia.


Figure 3‑24:  Cumulative distribution of SEMCu-AVS, coupled data of the Flanders database, with an indication of the 90P (Vangheluwe et al, 2005)
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Figure 3‑25:  Cumulative distribution of SEMCu-AVS, coupled data of the Finland database, with an indication of the 90P 
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Figure 3‑26:  Cumulative distribution of SEMCu-AVS, coupled data of the UK database, with an indication of the 90P 
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Figure 3‑27 Cumulative distribution of SEMCu-AVS, coupled data of the Spain database, with an indication of the 90P 
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Figure 3‑28: Cumulative distribution of SEMCu-AVS, coupled data of the Netherlands database, with an indication of the 90P 
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Figure 3‑29: Cumulative distribution of SEMCu-AVS, coupled data of the Vojvodina (Serbia) database, with an indication of the 90.P (Prica et al, 2007)
In addition Burton et al. (2007) investigated AVS concentrations for 84 sites in wadeable streams of 10 countries and nine ecoregions of Europe. The results of the coupled SEMCu-AVS data are shown in Figure 10. Although AVS levels are low because the sediments in this program were collected in head streams the P90 of the bioavailable copper concentration is still well below the derived PNEC of 87 mg/kg dry wt.
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Figure 3‑30: Cumulative distribution of SEMCu-AVS, coupled data of head stream waters for 84 sites in wadeable streams of 10 countries and nine ecoregions, with an indication of the 90P. 

h.  Conclusion freshwater sediments 
The analysis clearly indicated that at a regional scale, copper is bound to AVS and therefore, no regional risks are expected from  regional copper exposure. 
Considering that, at regional scale,  copper is fully bound to AVS, it is appropriate to consider that the bioavailable copper at a regional level is negligible and thus to only consider the copper added to the sediment from industrial activities for the local freshwater risk characterization.
3.3.7.1.4 Marine sediments 
From the effects section a marine PNEC  value for the estuarine and marine sediments of respectively 144 mg Cu/kg dwt and 338 mg Cu/kg dwt were derived.   

Sediment concentrations were obtained for the coastal zones of Belgium, Denmark, Germany, Ireland, The Netherlands, Norway, Sweden and UK. Table 3‑39 provides the overview of the obtained PEC values and the RCR for the RWC ambient PEC.  From this analysis, RWC PEC values range between 4 and 55 mg Cu/kg dry weight with a median RWC PEC value of 16 mg Cu/kg dry wt.  The region-specific RCR are all <1 with a median values of 0.11 for the estuarine sediments and 0.04 for the marine sediments.   It can therefore be concluded that no regional risks are expected for marine sediments. 

Table 3‑39: Overview of country-specific RWC- and typical ambient PEC values for copper in marine sediments 
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Belgium 4.2 2.3 0.03 0.01

Denmark 33.6 17.4 0.23 0.06

Germany 18.5 5 0.13 0.03

Ireland 11.9 5.8 0.08 0.02

the Netherlands 6.2 1.4 0.04 0.01

Norway 55.3 26.2 0.38 0.10

Sweden 27.1 12.7 0.19 0.05

UK 12.8 5.9 0.09 0.04

Median 15.65 5.85 0.11 0.04


3.3.7.1.5 Sewage Treatment Plants
An important source of anthropogenic copper in European surface waters is the release through the effluents of sewage treatment plants (STPs). Typical 90P effluent concentrations for recent years in municipal STPs of Belgium, the Netherlands and UK vary between 11.1 µg/l and 54.0 µg/l. Hence no risk for the STP is predicted on the basis of measured data.
3.3.7.1.6 Terrestrial compartment

A. INTRODUCTION

The methodology used for the risk characterisation at regional scale depends on the information available for a region or country. Figure 3‑31 presents the Step-wise approach that will be applied. Step-wise approach 1 will result in the most accurate estimate for regional risk assessment, while higher Step-wise approaches are more approximate methods by the lack of specific data. [image: image37.emf]   
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Figure 3‑31: Flow chart for the selection of the methodology for the regional risk assessment of Cu in soils
The result of Step-wise approach 1 and Step-wise approach 2 is a frequency distribution of the risk characterisation ratios (RCR, =PEC/PNEC). 

Step-wise approach 1

The frequency distribution of RCR values in Step-wise approach 1 is based on a database where for each sampled site both PEC and PNEC data are available (paired data; point-based frequency distribution). When these data are geo-referenced, the RCR values can further be interpolated with geo-statistical techniques (Kriging whereby values for un-sampled locations are estimated as a weighted average of the surrounding sampled locations) in order to obtain an area-based frequency distribution. This area-based frequency distribution has the advantage that, compared to a point-based frequency distribution, the potential bias introduced by unequal sampling density over the total area is removed.

Step-wise approach 2

In case PEC and PNEC data are available which are however from different locations (non-paired data), this information can be combined to yield a frequency distribution of RCR values:

-If both PEC and PNEC data are geo-referenced, predictions for each location for both parameters can be made by geo-statistical interpolation techniques (Kriging) resulting in predicted paired PEC and PNEC values for each location. The RCR value for each location can then be derived and an area-based frequency distribution obtained. 

A specific case is when only geo-referenced PNEC data are available for a country/region and PEC data which are not geo-referenced. PNEC values can be derived for each location using the kriging method. These data can then be compared with the 90th percentile of the PEC values of a region/country resulting in an area-based frequency distribution of RCR values.

-In case the PEC and PNEC data are not geo-referenced, a frequency distribution of RCR values can still be derived through combination of all PEC and PNEC data (Monte-Carlo analysis). This approach is less accurate compared to the interpolation approach, because it neglects any correlation  between PEC and PNEC
.

Step-wise approach 3

Where not geo-referenced PEC data are available for a country/region but insufficient data to assess the PNEC of a country/region the regional risk assessment is based on a comparison of the 90th percentile of the PEC with the reasonable worst case PNEC for Europe.

B. STEP-WISE APPROACH 1
Exposure data are described in Chapter 3.1.6.2, the derivation of PNEC values is described in chapter 3.2.5.

Coupled PEC and PNEC data are only available for three countries: The Netherlands, Spain, England and Wales.

THE NETHERLANDS

Point-based frequency distribution of RCR data

The regional risk assessment for The Netherlands is based on the dataset obtained from Dick Brus of Alterra Research Institute for the Green World Soils Department. This dataset contains topsoil properties (pH KCl, % organic matter (OM) and % clay) and element concentrations for 1234 sites. Agricultural soils (1002 sites) were sampled up to 20 cm depth, while the 0-10 cm layer was sampled for natural soils (232 sites). The choice of the method for pH measurement (in distilled water, 1 M KCl or 0.01 M CaCl2) affects the result. Therefore, pH values of the Brus database (measured in 1 M KCl) were translated into the pH used for bioavailability correction (pH CaCl2) by the following formula:

pH CaCl2 = 0.795 + 0.894 * pH KCl

The cation exchange capacity at the prevailing pH of the soil (i.e. effective CEC, eCEC) was not measured, but could be predicted based on pH CaCl2, % OM and % clay according to the following model (Helling et al., 1964):

eCEC (cmolc/kg) = (30.4 + 4.4*pH)*%clay/100 + (-34.66 + 29.72*pH)*%OM/100

For 1012 samples of the database, all information was available to correct the PNEC for bioavailability. The PNEC was predicted as the HC5-50 based on a log-normal distribution fitted on the NOEC/EC10 values for plants, invertebrates and microbial processes, corrected for ageing and bioavailability. Total Cu concentrations (aqua regia destruction) were available for 535 samples and for 330 samples both PNEC and PEC were available, allowing calculation of the risk characterisation ratio (RCR). Results for range and distribution of soil properties, PEC, PNEC and RCR are presented in Table 3‑40. Figure 3‑32 and Figure 3‑33 show the frequency distribution for PEC, PNEC and RCR.

From Table 3‑40 and Figure 3‑33, it can be concluded that only one of the 330 locations has a RCR > 1. The RCR of this site is just above 1 (1.05). On the basis of the cumulative frequency distribution of the RCR values of the Netherlands it can be concluded that the 90th percentile (0.32) is however well below 1. 

Table 3‑40 : Range of soil properties, PEC, PNEC and RCR for all data from The Netherlands
	
	pH CaCl2
	Organic matter
	Clay
	eCEC
	Cu
	PNEC
	RCR

	
	
	%
	%
	cmolc/kg
	mg/kg
	mg/kg
	

	N
	1217
	1234
	1029
	1012
	535
	1012
	330

	Minimum
	3.1
	0.4
	0.1
	0.9
	0.3
	6.0
	0.03

	10th percentile
	3.7
	1.8
	1.8
	5.9
	1.1
	37.2
	0.07

	Median
	6.3
	3.7
	12.0
	13.6
	8.4
	73.9
	0.15

	90th percentile
	7.4
	12.6
	28.2
	31.4
	29.9
	141.7
	0.32

	Maximum
	8.3
	95.7
	48.8
	94.9
	85.7
	296.4
	1.05
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Figure 3‑32: Cumulative frequency distribution of Cu PEC and PNEC values in soils from The Netherlands.
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Figure 3‑33: Cumulative frequency distribution of RCR values in soils from The Netherlands.
Area-based frequency distribution of RCR values based on RCR data

Most of the data (1206 from 1234) from The Netherlands are geo-referenced, which allows also the derivation of an area-based frequency distribution of RCR values. This approach has the advantage that it will not be biased by differences in sampling density. Table 3‑41 shows the range in soil properties for these geo-referenced soils. Comparison with Table 3‑40 learns that the omission of the 28 not geo-referenced data does not affect the distribution of these soil properties.

Table 3‑41: Range of soil properties, PEC, PNEC and RCR for geo-referenced data from The Netherlands.

	
	pH CaCl2
	Organic matter
	Clay
	eCEC
	Cu
	PNEC
	RCR

	
	
	%
	%
	cmolc/kg
	mg/kg
	mg/kg
	

	N
	1190
	1206
	1001
	985
	529
	985
	325

	Minimum
	3.1
	0.4
	0.12
	0.9
	0.3
	6.0
	0.03

	10th percentile
	3.7
	1.8
	1.8
	5.8
	1.1
	37.0
	0.07

	Median
	6.4
	3.7
	12
	13.6
	8.4
	73.9
	0.15

	90th percentile
	7.4
	12.4
	28.2
	31.4
	29.6
	140.6
	0.33

	Maximum
	8.3
	95.7
	48.8
	94.9
	85.7
	296.4
	1.05


In agreement with previous studies, only the geo-referenced agricultural sites (sampled up to 20 cm depth, N=974) are taken into account for interpolation. Omitting the natural soils (sampled up to 10 cm) increases the median PEC for the Netherlands from 8.4 to 13.6 mg Cu/kg (Table 3‑41 and Table 3‑42). However, there is no significant effect on the range and median of RCR values for The Netherlands. The distribution of all other soil properties also shows only minor changes after omission of the natural soils.

Table 3‑42: Range of soil properties, PEC, PNEC and RCR for geo-referenced agricultural sites from The Netherlands.
	
	pH CaCl2
	Organic matter
	Clay
	eCEC
	Cu
	PNEC
	RCR

	
	
	%
	%
	cmolc/kg
	mg/kg
	mg/kg
	

	N
	958
	974
	963
	947
	302
	947
	287

	Minimum
	3.8
	0.4
	0.1
	2.1
	0.9
	10.7
	0.03

	10th percentile
	5.0
	1.8
	1.8
	6.0
	5.4
	38.0
	0.08

	Median
	7.0
	3.3
	12.5
	13.6
	13.6
	73.8
	0.16

	90th percentile
	7.4
	14.0
	27.6
	30.2
	35.3
	136.3
	0.35

	Maximum
	8.3
	69.2
	46.6
	94.9
	85.7
	296.4
	1.05


These RCR data are used for interpolation and calculation of an area-based frequency distribution of RCR values. The variogram of the RCR data is presented in Annex II Figure AII.1. The cumulative frequency distribution of both point-based and area-based RCR values is presented in Figure 3‑34. A summary of the statistical data is presented in Table 3‑43. While 10th percentile and median RCR values of the point-based approach are similar to the values of the area-based approach, the 90th percentile RCR value of the area-based approach is lower than the point-based 90th percentile RCR value. This difference is related to the density of the available sampling points versus the density of the grid cells for which values are estimated. 

On the basis of the cumulative frequency distribution of the area-based RCR values of the Netherlands it can be concluded that the 90th percentile (0.23) is well below 1.
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Figure 3‑34: Cumulative frequency distribution of RCR values in The Netherlands.

Table 3‑43: 10th, 50th and 90th percentile of RCR values for The Netherlands based on point-based (data used for interpolation) and area-based frequency distributions.

	RCR
	Point-based
	Area-based

	10th percentile
	0.08
	0.10

	Median
	0.16
	0.16

	90th percentile
	0.35
	0.23


Area-based frequency distribution of RCR values based on the ratio of interpolated PEC and PNEC values

As a comparison, an area-based frequency distribution of RCR values for The Netherlands can also be constructed based on an overlay of PEC and PNEC interpolations (Step-wise approach 2 methodology). Maps of PEC and PNEC are derived using the geo-referenced data of both parameters and the kriging approach. The variograms of the PEC and PNEC data are presented in Annex II Figure AII.2 and AII.3. The cumulative frequency distribution of the area-based and point-based PEC values is presented in Figure 3‑35. Figure 3‑36 presents the cumulative frequency distribution of the area-based and point-based PNEC values and Figure 3‑37 those of the resulting RCR values. A statistical summary of the PEC, PNEC and RCR values is presented in Table 3‑44 to Table 3‑46. The 10th, 50th and 90th percentiles of the RCR values resulting from this approach are very similar to the results of the RCR interpolation approach. On the basis of the cumulative frequency distribution of the area-based RCR values derived from area-based PEC and PNEC values of the Netherlands it can be concluded that the 90th percentile of the RCR values (0.26) is well below 1.
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Figure 3‑35: Cumulative frequency distributions for Cu PEC values in The Netherlands.

Table 3‑44: 10th, 50th and 90th percentile for PEC values for The Netherlands based on point-based and area-based frequency distributions.

	PEC (mg Cu/kg)
	Point-based
	Area-based

	10th percentile
	5.4
	8.7

	Median
	13.6
	12.4

	90th percentile
	35.3
	17.8
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Figure 3‑36: Cumulative frequency distributions of Cu PNEC values in The Netherlands.

Table 3‑45: 10th, 50th and 90th percentile of PNEC values for The Netherlands based on point-based and area-based frequency distributions.

	PNEC (mg Cu/kg)
	Point-based
	Area-based

	10th percentile
	38.0
	47.8

	Median
	73.8
	76.4

	90th percentile
	136.3
	147.3
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Figure 3‑37: Cumulative frequency distributions of Cu RCR values in The Netherlands.

Table 3‑46: 10th, 50th and 90th percentile of RCR values for The Netherlands calculated by the different methods.

	RCR
	Point-based
	Area-based (RCR interpolation)
	Area-based
(PEC and PNEC overlay)

	10th percentile
	0.08
	0.10
	0.09

	Median
	0.16
	0.16
	0.16

	90th percentile
	0.35
	0.23
	0.26


Summary The Netherlands

The results from all three methods are in good agreement, especially for the median RCR (Table 3‑46). The geo-statistical technique tends to yield larger estimates for the 10th percentile and smaller estimates for the 90th percentile, compared to the point-based cumulative frequency distribution. 

Based on this dataset, none of the methods predict risk at regional level for The Netherlands. Only one of the 330 sites shows a RCR larger than 1 (1.05).

SPAIN
A database with information on texture (clay, silt and sand content), organic matter, pH H2O and metal concentrations for the topsoil of 3610 agricultural sites from all over Spain was used for the regional risk assessment for Spain. The pH H2O was translated into the pH used for bioavailability correction (pH CaCl2) using the following formula:

pH CaCl2 = -0.527 + 0.989 * pH H2O

The eCEC was not measured, but could be predicted based on pH CaCl2, % OM and % clay according to the following equation (Helling et al., 1964):

eCEC (cmolc/kg) = (30.4 + 4.4*pH)*%clay/100 + (-34.66 + 29.72*pH)*%OM/100

For 2469 samples of the database, all information was available to correct the PNEC for bioavailability. The PNEC was predicted as the HC5-50 based on a log-normal distribution fitted on the NOEC/EC10 values for plants, invertebrates and microbial processes, corrected for ageing and bioavailability. Total Cu concentrations (aqua regia destruction) were available for 2752 samples and for 2461 samples both PNEC and PEC were available, allowing calculation of the risk characterisation ratio (RCR). Results for range and distribution of soil properties, PNEC, PEC and RCR are presented in Table 3‑47. Figure 3‑38 and Figure 3‑39 show the frequency distribution of PNEC, PEC and RCR values. The 90th percentile of the RCR values is 0.51. In total, 2.6% of the 2461 samples show RCR values larger than 1 (maximum value: 20.8). The risk in most of these sites with a RCR > 1, can be explained by elevated Cu concentrations (up to 1330 mg/kg). 

As information on the geographical location of the individual sites was not available, no area-based approach can be applied.

Table 3‑47: Range of soil properties, PEC, PNEC and RCR for Spain.

	
	pH CaCl2
	Organic matter
	Clay
	eCEC
	Cu
	PNEC
	RCR

	
	
	%
	%
	cmolc/kg
	mg/kg
	mg/kg
	

	N
	2740
	2471
	2527
	2469
	2752
	2469
	2461

	Minimum
	3.4
	0.0
	0.6
	0.8
	1
	5.9
	0.01

	10th percentile
	4.7
	0.8
	9.5
	7.8
	5
	42.2
	0.08

	Median
	7.4
	1.7
	19.7
	16.2
	14
	75.2
	0.18

	90th percentile
	7.9
	5.2
	35.0
	26.7
	38
	111.2
	0.51

	Maximum
	9.6
	26.6
	81.7
	53.6
	1332
	197.5
	20.84
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Figure 3‑38: Cumulative frequency distribution of Cu PEC and PNEC in soils from Spain.
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Figure 3‑39: Cumulative frequency distribution of RCR values in soils from Spain.

ENGLAND AND WALES

The data used for this regional risk characterisation are from the National Soil Inventory (NSI) of England and Wales. A total of 5691 soils (0 – 15 cm) were sampled from the intersects of 5-km orthogonal grids between 1978 and 1983 (McGrath, S.P. and Loveland, P.J., 1992. The soil geochemical atlas of England and Wales. Blackie Academic & Professional, London, 101 pp.). The sampling was unbiased, and not targeted at any particular land use, and included all types of land including agriculture, forests, woodlands, parks, moors, etc. No attempt was made to devise a sampling strategy to cover urban areas adequately, so the coverage is predominantly non-urban. Information for organic carbon, pH H2O and total Cu concentrations (aqua regia extraction) was available for 5651 geo-referenced sampling points (Table 3‑48). Data for eCEC were provided for 4830 out of the 5651 observations. This eCEC was not measured directly, but predicted based on pH H2O, % OM and % clay (original clay data were not made available) according to the Helling equation (Helling et al., 1964).

The eCEC was originally not calculated for all points, since clay was not available for 821 observations. Samples without information on clay content were predominantly peaty soils (median organic matter content: 31%) and for these soils it can be assumed that the contribution of clay to the eCEC is minor compared to the eCEC of the organic matter. Therefore, eCEC was for these soils calculated based on only pH and organic matter content (clay content set at a default value of 1%) and this value was used as a conservative estimate for the total eCEC. Soils without clay data and with an organic matter content below 10% (n=173) were omitted for further analysis because the assumption that organic matter is responsible for the major part of the eCEC is no longer valid for such soils. Calculation of eCEC from pH and OM only will therefore largely underestimate eCEC and hence the PNEC for these soils and consequently overestimate their RCR for Cu ecotoxicity.

Analogous to the case studies for the Netherlands and Spain, eCEC was calculated based on pH CaCl2 instead of pH H2O. Translation of pH H2O into pH CaCl2 was done according to the following equation:

pH CaCl2 = -0.527 + 0.989 * pH H2O

On average, the pH CaCl2 was 0.6 pH units lower compared to pH H2O. The conversion of pH H2O into pH CaCl2 results in a minor change in eCEC. The average relative difference between eCEC based on pH CaCl2 and pH H2O is 9.2% decrease (10th and 90th percentile: 5.7 and 14.8% difference, respectively). Because the models for eCEC correction of PNEC are on a log-log basis, the final effect of conversion of pH H2O into pH CaCl2 on PNEC is small and the uncertainty introduced using this equation is negligible.

Data for pH, OM, clay, eCEC and total Cu concentration were available for 5478 samples allowing correction the NOEC/EC10 values in the copper terrestrial ecotoxicity database for bioavailability and soil specific risk calculation. Results for range and distribution of soil properties, PNEC, PEC and RCR are presented in Table 3‑48, while Figure 3‑40 and Figure 3‑41 show the frequency distribution of PNEC, PEC and RCR values. 

Table 3‑48   Range of soil properties, PEC, PNEC and RCR values for England and Wales.
	
	pH CaCl2
	Organic mattera
	Clayb
	eCEC
	Cu
	PNEC
	RCR

	
	
	%
	%
	cmolc/kg
	mg/kg
	mg/kg
	

	N
	5478
	5478
	4830
	5478
	5478
	5478
	5478

	Minimum
	2.5
	0.2
	0.0
	0.5
	1.2
	4.2
	0.01

	10th percentile
	3.5
	2.6
	10.8
	12.1
	8.6
	65.9
	0.09

	Median
	5.4
	6.2
	23.9
	23.2
	18.0
	111.3
	0.16

	90th percentile
	7.1
	22.6
	41.8
	45.1
	36.3
	163.4
	0.34

	Maximum
	8.6
	100.0
	87.9
	138.9
	1507.7
	322.2
	16.25


a: organic Matter = organic carbon*1.72

b: %clay calculated from eCEC, pH and organic carbon content according to the Helling equation
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Figure 3‑40   Cumulative frequency distribution for Cu PEC and PNEC values in soils from England and Wales.
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Figure 3‑41   Cumulative frequency distribution for Cu RCR values in soils from England and Wales.
In total 98.9% of all data points from England and Wales have a RCR value smaller than 1. The data with RCR>1 generally have a higher PEC (median: 105.8) compared to the total dataset. It is not possible to attribute these data points to a specific land use because sampling was done on the basis of a regular grid, irrespective of land use and no further information was available.

Since all samples were geo-referenced, it was possible to construct an area-based cumulative probability distribution for the RCR values. Figure AII.6 (Annex II) shows the variogram, and the cumulative probability distribution for area-based Cu RCR-values in England and Wales is presented in Figure 3‑41. Table 3‑49 summarizes 10th, 50th and 90th percentiles for RCR values in England and Wales based on point-based and area-based distributions.
Table 3‑49   10th, 50th and 90th percentile for point- and area-based RCR values for England and Wales.
	RCR
	Point-based
	Area-based (interpolation)

	10th percentile
	0.09
	0.11

	Median
	0.16
	0.17

	90th percentile
	0.34
	0.25


C. STEP-WISE APPROACH 2

Figure 3‑42 and 
Figure 3‑43
 give an overview of the spatial distribution of the Cu PEC and PNEC data available for geo-statistical interpolation. Data were compiled from the following databases:

•
FAO Digital Soil Map

•
ISRIC Global Soil Profile Dataset

•
Baltic Soil Survey Dataset

•
Netherlands Soil Survey Dataset

•
ICP-Forests Soils Dataset

•
UK National Soil Inventory

•
Italian Soil Survey Dataset

•
Barents soil survey

A description of this dataset is given in Chapter 3.1.6.2, chapter 3.2.5.5.2 and Appendix Envy N. Figure 3‑42 and 
Figure 3‑43
 show there is a large difference in data availability among countries. Only England and Wales, Finland, Sweden Norway and The Netherlands have a sufficient data density for a reliable interpolation of both PEC and PNEC data. A separate variogram was constructed for each country or region studied.
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Figure 3‑42: Spatial distribution of the available geo-referenced Cu PEC data for Europe.



Figure 3‑43: Spatial distribution of the available geo-referenced Cu PNEC data for Europe.
FINLAND, SWEDEN AND NORWAY

Because the data for Finland, Sweden and Norway mainly originate from the same databases (Baltic soil dataset, Barents soil survey and FAO) and the data density for both PEC and PNEC is similar in all 3 countries, it was concluded to construct for both parameters one combined variogram for interpolations in these countries (Annex II Figures AII.4 and AII.5).

The cumulative frequency distribution of the area-based and point-based PEC values for Finland, Sweden and Norway is presented in Figure 3‑44. Figure 3‑45 presents the cumulative frequency distributions of the area-based and point-based PNEC values and Figure 3‑46 those of the resulting are-based RCR values for each of the 3 countries. A statistical summary of the PEC, PNEC and RCR values is presented in 
Table 3‑50
 to 
Table 3‑52
. On the basis of the cumulative frequency distributions of the area-based RCR values derived from area-based PEC and PNEC values it can be concluded that for each of the 3 countries, the 90th percentile (0.08-0.22) is well below 1. A comparison of the area-based with the point-based results indicates higher 10th percentiles values and lower 90th percentile values for both PEC and PNEC according the area-based approach.

A frequency distribution of the RCR values for Finland, Sweden and Norway was therefore also constructed using a Monte-Carlo analysis of the point based frequency distributions of the PEC and PNEC values. It should be noted that this approach neglects any correlation  between PEC and PNEC15.

The cumulative frequency distribution of the area-based and Monte-Carlo point-based RCR values is presented in Figure 3‑46. A statistical summary of the RCR values is presented in 
Table 3‑52
. On the basis of the cumulative distribution function of the Monte-Carlo point-based RCR values it can be concluded that the 90th percentile (0.17-0.37) is well below 1.

The Monte-Carlo based 90th percentile is generally higher than the area-based based 90th percentile. This difference is related to:

-the density of the available sampling points versus the density of the grid cells for which values are estimated in the area-based approach. The fraction of extreme values in the area-based approach decreases with increasing difference in densities resulting in lower 90th percentile values. 

-the lack of consideration of a correlation between PEC and PNEC by the Monte-Carlo method resulting in a higher frequency of extreme RCR values and so higher 90th percentile values.
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Figure 3‑44: Cumulative frequency distributions of Cu PEC values in soils in a) Finland, b) Sweden, c) Norway
Table 3‑50: 10th, 50th and 90th percentile of PEC values for Finland, Sweden and Norway based on point-based and area-based frequency distributions.

	PEC (mg Cu/kg)
	Finland
	Sweden
	Norway

	Point-based
	
	
	

	10th percentile
	2.6
	2.3
	2.7

	Median
	10.3
	9.2
	12.8

	90th percentile
	42.3
	22.9
	29.2

	Area-based
	
	
	

	10th percentile
	6.9
	4.6
	4.5

	Median
	10.4
	7.4
	10.2

	90th percentile
	17.0
	13.1
	17.9
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Figure 3‑45: Cumulative frequency distributions of Cu PNEC values in soils in a) Finland, b) Sweden, c) Norway.

Table 3‑51: 10th, 50th and 90th percentile of PNEC values for Finland, Sweden and Norway based on point-based and area-based frequency distributions.
	PNEC (mg Cu/kg)
	Finland
	Sweden
	Norway

	Point-based
	
	
	

	10th percentile
	55.6
	82.5
	55.6

	Median
	178.8
	165.2
	80.9

	90th percentile
	268.4
	196
	158.1

	Area-based
	
	
	

	10th percentile
	104.4
	123.2
	73

	Median
	188.6
	174.6
	94.5

	90th percentile
	253.6
	196.5
	154.3
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Figure 3‑46: Cumulative frequency distributions of Cu RCR values in soils in a) Finland, b) Sweden, c) Norway.
Table 3‑52: 10th, 50th and 90th percentile of RCR values for Finland, Sweden and Norway based on area-based and Monte-Carlo based frequency distributions.

	RCR
	Finland
	Sweden
	Norway

	
	Area-based
	Monte-Carlo based
	Area-based
	Monte-Carlo based
	Area-based
	Monte-Carlo based

	10th percentile
	0.03
	0.02
	0.03
	0.02
	0.04
	0.03

	Median
	0.06
	0.07
	0.04
	0.06
	0.09
	0.12

	90th percentile
	0.12
	0.27
	0.08
	0.17
	0.22
	0.37


GERMANY, FRANCE, AUSTRIA, ITALY, BELGIUM, IRELAND

As no geo-referenced PEC data are available representative for a country, the country-specific 90th percentile values reported in Table 3‑53 are used.

A variogram was constructed for interpolation of the PNEC values in Europe (Annex II Figure AII.7).

The cumulative frequency distribution of the area-based and point-based PNEC values is presented in Figure 3‑47. Figure 3‑48 presents the cumulative frequency distributions of the area-based RCR values. A statistical summary of the PNEC and RCR values is presented in Table 3‑54 and Table 3‑55. On the basis of the cumulative frequency distribution of the area-based RCR values derived from area-based PNEC values and 90th percentile PEC values it can be concluded that the 90th percentile of the RCR (0.24-0.77) is generally well below 1. 
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Figure 3‑47: Cumulative probability distributions of Cu PNEC values in a) Germany, b) France, c) Austria, d) Italy, e) Belgium, f) Ireland.
Table 3‑53: 50th and 90th percentile for PEC values for Germany, France, Austria, Italy, Belgium, Ireland 

	PEC*
	Germany
	France
	Austria
	Italy
	Belgium
	Ireland

	Median
	11.4
	17.4
	20.4
	26.6
	9.9
	17.5

	90th percentile
	21.3
	30.6
	31.8
	57.4
	16.5
	28.9


*Source: Chapter 3.1.6.2.5. Median of different land uses.

Table 3‑54: 10th, 50th and 90th percentile for PNEC values for Germany, France, Austria, Italy, Belgium, Ireland based on area-based frequency distributions.
	PNEC
	Germany
	France
	Austria
	Italy
	Belgium
	Ireland

	Area-based

	10th percentile
	82.6
	78.9
	85.7
	74.5
	44.2
	121.2

	Median
	96.2
	87.6
	92.9
	84.6
	81.1
	139.1

	90th percentile
	145.9
	107.4
	103.9
	96.9
	105.7
	168.6

	Point-based

	10th percentile
	70.3
	70.8
	77.2
	68.3
	35.1
	94.6

	Median
	90.5
	85.3
	90.5
	84.5
	78.7
	140.6

	90th percentile
	187.4
	150.7
	107.1
	109.4
	169.5
	208.8
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Figure 3‑48: Cumulative frequency distributions of Cu RCR values in a) Germany, b) France, c) Austria, d) Italy, e) Belgium, f) Ireland.

Table 3‑55: 10th, 50th and 90th percentile for RCR values for Germany, France, Austria, Italy, Belgium, Ireland and Portugal based on area-based frequency distributions.

	RCR
	Germany
	France
	Spain
	Austria
	Italy
	Belgium
	Ireland
	Portugal

	10th percentile
	0.16
	0.28
	0.3
	0.31
	0.59
	0.16
	0.17
	0.4

	Median
	0.24
	0.35
	0.36
	0.35
	0.68
	0.2
	0.21
	0.48

	90th percentile
	0.28
	0.39
	0.43
	0.37
	0.77
	0.37
	0.24
	0.62


D. STEP-WISE APPROACH 3

There are no countries with exposure data but no available PNEC data. Step-wise approach 3 is therefore not applied.

E. SUMMARY
Table 3‑56 summarizes the 90th percentiles of the RCR values calculated according to the different methods and based on the PEC and PNEC information currently available. All 90th percentile RCR values are smaller than 1 and therefore, no risk is predicted for Cu ecotoxicity in soils at the regional scale.

Table 3‑56: Overview of 90th percentiles of Cu RCR values for different European countries.

	Country
	Cu RCR

	
	Step-wise approach 1
	Step-wise approach 2*

	Austria
	
	0.37

	Belgium
	
	0.37

	Finland
	
	0.12-0.27

	France
	
	0.39

	Germany
	
	0.28

	Ireland
	
	0.24

	Italy
	
	0.77

	the Netherlands
	0.32 (point-based)
0.23 (area-based)
	

	Norway
	
	0.22-0.37

	Spain
	0.51 (point-based)
	0.43

	Sweden
	
	0.08-0.17

	England and Wales
	0.34 (point-based)
0.25 (area-based)
	


*: area-based and Monte-Carlo based
3.3.8 Final concusions on the Regional risk cHAracterisation

All compartments:

- Conclusion (ii)
There is at present no need for further information and/or testing and no need for risk reduction measures beyond those which are being applied already.

3.3.9 Risk characterisation for the roadborder scenario
An overview of the risk characterisation on the basis of measured exposure data on horizontal distribution of copper at roadborders (from section 3.1.5.2.7) is presented in 
Table 3‑57
. As the exact location (geo-referenced coordinates) of the roads are unknown, the risk characterisation is made using the RWC PNEC values of the country in which the roads are located. The country specific RWC PNEC is the 10th percentile of the frequency distribution of the point-based PNEC database of that country and where available also of the area-based PNEC database. Where the RCR > 1, and additional risk characterisation was made using the typical country specific PNEC value. For more details with respect to the roadborder scenario, the reader is referred to section 3.1.5.2.7

Table 3‑57    Risk characterisation for soil on the basis of measured data on horizontal distribution of copper at roadborders. The risk characterisation ratio = PEC/PNEC. 
	Reference
	Distance to technosphere (m)
	Copper concentration (mg/kg DM)
	RCR

Step-wise approach 2
	RCR

Typical case

	HIGHWAYS

	Åkerblom and Bringmark (2004)

Sweden
	- 34 to 35

- 194 to 195

- 694 to 695
	- 24.5

- 15.8

- 18.1
	Point-based (PNEC=82.5 mg/kgdw):0.20
Area-based: (PNEC=123.2 mg/kgdw): 0.30

Point-based (PNEC=82.5 mg/kgdw): 0.13
Area-based (PNEC=123.2 mg/kgdw): 0.19
	

	Åkerblom and Bringmark (2004)

Sweden
	- 14 to 15

- 194 to 195

- 1994 to 1995
	- 22.9

- 13.9

- 13.9
	Point-based (PNEC=82.5 mg/kgdw):0.19
Area-based: (PNEC=123.2 mg/kgdw): 0.28

Point-based (PNEC=82.5 mg/kgdw): 0.11
Area-based: (PNEC=123.2 mg/kgdw): 0.17


	

	Dierkes and Geiger (1999)

Germany
	4 to 5
	27
	0.33
Area-based: (PNEC=82.6 mg/kgdw): 0.38
	

	REGIONAL ROADS

	Legret and Pagotto (in Generalitat de Catalunya, 2002) Spain
	21 to 22
	No influence from road traffic on copper concentrations
	
	

	Garcia et al. (1996)

Spain
	1 to 2
	30
	Point-based (PNEC=42.2 mg/kgdw): 0.71
	

	Garcia et al. (1996)

Spain
	1 to 2
	58
	Point-based (PNEC=42.2 mg/kgdw): 1.37
	Point-based (PNEC=75.2 mg/kgdw): 0.77

	Garcia et al. (1996)

Spain
	1 to 2
	18
	Point-based (PNEC=42.2 mg/kgdw): 0.43
	

	Garcia et al. (1996)

Spain
	1 to 2
	39
	Point-based (PNEC=42.2 mg/kgdw): 0.92
	

	Garcia et al. (1996)

Spain
	1 to 2
	31
	Point-based (PNEC=42.2 mg/kgdw): 0.73
	

	Garcia et al. (1996)

Spain
	1 to 2
	55
	Point-based (PNEC=42.2 mg/kgdw): 1.30
	Point-based (PNEC=75.2 mg/kgdw): 0.73

	URBAN ROADS

	Mariño et al. (1992)

Spain


	- 1 to 2

- 13 to 14

- 28 to 29
	- 98.08; 150.04; 87.62(2)
- 31.38; 19.96; 20.55(2)
- 18.74; 17.24; 20.96(2)
	Point-based (PNEC=42.2 mg/kgdw): 2.08-3.56

0.47-0.74

0.41-0.5
	Point-based (PNEC=75.2 mg/kgdw): 1.17-2.0

	Garcia et al. (1996)

Spain
	1 to 2
	10
	Point-based (PNEC=42.2 mg/kgdw): 0.24
	


1: no ADTI specified, the authors refer to the site as a motor highway

2: resp. February, May and November
From 
Table 3‑57
 it can be concluded that in general measured copper concentrations at roadborders (highways, regional roads and urban roads) fall within the ambient concentration range of natural forest soils in Europe (10-39 mg/kg dw). For these sites no risk for terrestrial organisms is observed (RCR: 0.11- 0.92). Only in the immediate vicinity of an urban road in Spain (Mariño et al., 1992) elevated copper concentrations were found in the soil (i.e. 87.6-150 mg/kg dw). In these particular cases a risk for soil organisms is observed (RCR: 2.08-3.56). Also for one of the regional road borders investigated by Garcia et al (1996), the PNEC (RWC for Spain) is exceeded. For these roadborders information on site-specific soil conditions is needed. As these data are not available, further investigation of the site-specific conditions influencing the bioavailability of copper in recommended.
                   Final conclusion on risk characterisation for roadborder scenario

Terrestrial compartment

- Conclusion (ii)
For most soils, is at present no need for further information and/or testing and no need for risk reduction measures beyond those which are being applied already.

- Conclusion (iii)
There maybe a conclusion (iii) for roadboarders – in the intermediate vicinity of an urban road (1-2m- distance to the technosphere) This conclusion (iii) was driven by studies by Mariño et al. (1992) and by Garcia et al 1996) on measurements at urban roads in Spain. For this conclusion (iii),  the bioavailability corrections, which have been used in the current risk assessment should be incorporated as an essential part of the risk reduction measurement process.   
3.3.10 Risk characterisation for the waste disposal scenario

The environmental Cu concentrations (PEC disposal sites) (section 3.1.4.2.7 (aquatic) and 3.1.1.6 (terrestrial)) are combined with effects data, to determine the corresponding PEC/PNEC values for the waste disposal scenario.
The aquatic compartment

3.3.10.1.1 Risk characterisation for MSW incinerators

The risk characterization ratio’s (RCR=PEC/PNEC ratio) for local surface water concentrations for a generic incinerator are given in Table 3‑58. No risks are expected for aquatic organisms when the current emissions from a hypothetical local incineration plant are considered for both the typical as the realistic worst case scenario. If the effluent of an incinerator plant is released after an on site WWTP in a STP, no toxicity to the off-site STP micro-organisms is predicted.

Table 3‑58  Local risk characterisation incinerators for water and STP (at dilution factor 100 and 1,000). The RCR= PEC/PNEC. The PNECwater Step-wise approach 3 (dissolved fraction) is 7.8 µg/l (Reasonable worst case -Europe). The PNEC for micro-organisms is 230 µg Cu dissolved/L.
	use-
	N°
	PEC local

water

DF = 100
	factor risk water

DF = 100

Step-wise approach 1
	PEC local

water

DF =1000
	RCR water
DF =1000

Step-wise approach 1
	Ceffluenta
	RCR STP

	category
	
	µg/L
	
	µg/L 
	
	µg/L
	

	MSW incineration Realistic worst case scenario
	1/2
	6.06
	0.78


	3.2
	0.41
	17
	0.07


a 90 % removal has been taken into account and additional dilution factor of  2.5 (2,778/778)

The RCRs (PEC/PNEC ratio) for local sediment concentrations of a generic incinerator are given in Table 3‑59.  

Table 3‑59  Local risk characterisation incinerators for sediments (at dilution factor 100 and 1,000). The RCR = PEC/PNEC. The PNEC Step-wise approach 3 total 5%OC, freshwater sediment is 87 mg/kg dw (log normal distribution). Two options for the freshwater characterisation are used (see text below).  
	Use- category
	N°
	DF
	C_sed
	PECsed
	RCR sed 

	
	
	
	mg/kg dw
	mg/kg dw
	

	option  1: MSW incineration 
	1/2
	100
	94.5
	 
	1.09

	option 2: MSW incineration AVS correction Oxic sediments
	1/2
	100
	94.5
	162
	1.41

	option  1: MSW incineration 
	1/2
	1000
	9.4
	 
	0.11

	option 2: MSW incineration AVS correction Oxic sediments
	1/2
	1000
	9.4
	76.9
	0.43


Since SEM-AVS data are not available for the hypothetical scenario a default correction is to be applied. As done for the local risk characterisation of copper production and down-stream uses (see section 3.3.4.2.2), two options are applied : 

· The first option is an “added risk approach” and considers that at a regional scale, all copper is bound to AVS (see regional risk characterisation) and therefore, the local added concentration are used for the risk characterisation: the local added concentration is compared to the aerobic default  PNEC (87 mg Cu/kg dry weight). 

· The option 2  is a “total risk approach” and uses the default AVS correction. The total PEC is derived by adding the regional sediment background level (67.5 mg Cu/kg dry weight) to the local concentration. The option considers that 0.62 µmol AVS/kg dry weight Cu ((0.77 µmol/kg dry weight (RWC AVS value) - 0.15 µmol/kg dry weight (AVS in ecotox media)) is available for copper binding or that 39.4 mg Cu/kg dry weight is bound to AVS. 

From Table 3‑59 it can be concluded that without site-specific bioavailability correction, risks (PEC/PNEC>1) for sediment organisms are predicted for the hypothetical incinerator sites at dilution factor of 100. It should be noted that these sediment concentrations have been calculated in absence of measured data under the assumption that the effluent concentration of an incinerator is equal to 90 % of the emission limit value for incinerators: 0.9*0.5 mg/L = 0.45 mg/L. Reported measured Cu concentrations in the effluents of Austrian MSW incinerator plants range between < 0.05 and < 0.3 mg/L 

However, a refined risk characterisation can be done by corrected for bioavailability. Such refined evaluation includes: 

· Using local sediment concentrations for the risk characterisation 
· a correction for the OC content in the sediment.

· a correction for the binding of copper to sediment sulphides (AVS correction) and thus deriving a PEC bioavailable.  

3.3.10.1.2 Risk characterisation for MSW landfills

The RCR (PEC/PNEC ratio) for local surface water concentrations for a generic landfill are provided in Table 3‑60. No risks to the aquatic environment are observed for landfills emitting a leachate with total copper content of 119 µg/L. 

Table 3‑60  Local risk characterisation landfills (leachate concentration 119 µg/L) for water and STP. Scenario 1 = direct discharge to surface water. Scenario 2 = indirect discharge to surface water (STP).  The RCR = PEC/PNEC. The PNECwater Step-wise approach 3 (dissolved fraction) is 7.8 µg/l (scenario UK; river Otter, best fit). The PNEC for micro-organisms is 230 µg Cu dissolved/L.

	use-
	N°
	PEClocal
water
	RCR water

Step-wise approach 3
	Ceffluent


	RCR STP

	category
	
	µg /L
	
	µg/L
	

	MSW landfill – direct discharge 
	1
	3.36
	0.43
	119
	n.r.

	Indirect discharge
	2
	2.94
	0.38
	0.6
	0.003


n.r. = not relevant

a = 119 µg/L / 21 * 0.1 (21 being the dilution factor in STP and 90 % removal cfr Table 3.35)

The RCR (PEC/PNEC ratio) for local sediment concentrations for a generic landfill are provided in Table 3‑61. 

Table 3‑61  Local risk characterisation landfills (leachate concentration 119 µg/L) for sediment. Scenario 1 = direct discharge to surface water. Scenario 2 = indirect discharge to surface water. The RCR = PEC/PNEC. The PNEC Step-wise approach 3 total 5%OC, freshwater sediment is 87 mg/kg dw (log normal distribution). Two options for the freshwater characterisation are used (see text).
	use-
	N°
	Clocal sediment
	PEClocal sediment
	RCR sediment

Step-wise approach 3

	category
	
	
	mg/kg dw
	

	MSW landfill direct discharge
	Option 1
	13.6
	-
	0.16

	MSW landfill direct discharge

AVS correction

Oxic sediments
	Option 2
	13.6
	81.1
	0.48

	MSW landfill

Indirect discharge
	Option 2
	2.3
	-
	0.03

	MSW landfill

Indirect discharge

AVS correction

Oxic sediments
	Option 2
	2.3
	69.8
	0.35


Since SEM-AVS data are not available for the hypothetical scenario a default correction is to be applied. As done for the local risk characterisation of copper production and down-stream use sites (see section 3.3.4.2.2), two options developed are applied : 

· The first option is an “added risk approach” and considers that at a regional scale, all copper is bound to AVS (see regional risk characterisation) and therefore, uses the local added concentration for the risk characterisation: the local added concentration is compared to the aerobic default  PNEC (87 mg Cu/kg dry weight). 

· The option 2  is a “total risk approach” and uses the default AVS correction. The total PEC is derived by adding the regional sediment background level (67.5 mg Cu/kg dry weight) to the local concentration. The option considers that 0.62 µmol AVS/kg dry weight Cu ((0.77 µmol/kg dry weight (RWC AVS value) - 0.15 µmol/kg dry weight (AVS in ecotox media)) is available for copper binding or that 39.4 mg Cu/kg dry weight is bound to AVS. 

From Table 3.10 it can be concluded that with default bioavailability correction, no risks (PEC/PNEC<1) for sediment organisms are predicted for the hypothetical landfill sites.  

The atmospheric compartment

No risk characterisation can be made since no data were found on Cu toxicity in the atmospheric compartment.

The PEClocal in air at a distance of 100 m from a generic MSW incineration plant is 8.84 ng/m3 (average EU situation). 

The terrestrial compartment

3.3.10.1.3 MSW incinerators

The risk factors (PEC/PNEC ratio) for the soil concentrations for a generic incineration plant are provided in Table 3‑62. No risk to soil organisms is predicted at the hypothetical incineration plant site.

Table 3‑62  Local risk characterisation for soil. The factor risk = PEC/PNEC. The PNEC total, Step-wise approach 3 soil value = 82.7 mg kg/dw (best fit, scenario Spain, loamy soil)
	Use-category
	Plant N°
	PEClocal soil 
	factor risk soil

Step-wise approach 3

	
	
	mg kg dry wt.
	

	MSW incineration Realistic worst case scenario 
	1
	24.4
	0.30


 Final conclusion on risk characterisation from waste disposal

Aquatic compartments

- Conclusion (ii)
There is at present no need for further information and/or testing and no need for risk reduction measures beyond those which are being applied already for disposal sites and for incineration plants when the waste water is directed to a sewage treatment plant.

- Conclusion (iii)
for surface waters, directly receiving waste water from incinerating plants RCR between 1.1 and 1.4 are observed for local sediments and the conclusion (iii) applies to further refined analysis related to the emissions and bioavailability of copper around incineration plants. For the conclusion (iii),  the bioavailability corrections, which have been used in the current risk assessment should be incorporated as an essential part of the risk reduction measurement process.    
Terrestrial and atmospheric compartment

- Conclusion (ii)
There is at present no need for further information and/or testing and no need for risk reduction measures beyond those which are being applied already.
3.3.11 Summary of the conclusions

From the risk characterisation 2 conclusions have been drawn :

Conclusion (ii)
There is at present no need for further information and/or testing and no need for risk reduction measures beyond those which are being applied already.

Conclusion (iii)
There is a need for limiting the risks; risk reduction measures which are already being applied shall be taken into account.
Conclusion (ii) applies to 

· the regional risk characterisation 

· landfills and to incineration sites, emitting the waste water to a sewage treatment plant.

· All sites  (100%)  from the sectors “Smelting and Refining”,  the large majority (>85% ) of the sites from the sectors “Wirerod & Cables production”, “Casting Billets and Plates” and “Production of Semis”.  For these sectors, it was concluded that, under normal operation conditions, the production of these products does not require further risk reduction measures beyond those which are being applied.
·  the sectors casting ingots and sand and die casting. The results from a generic scenario (using worst case emissions and EU wide reasonable worst case PNECs) demonstrates that the production processes lead to very limited emissions and no environmental risks are expected. 
· the majority (54%) of the sites form the sector “Copper Powder and Copper Compounds” For these sites, it was  concluded that, under normal operation conditions, the production of these products does not require further risk reduction measures beyond those which are being applied.  

Conclusion (iii) applies to 

· the risk characterization for the aquatic environment (water and sediments) at the local sites: ECI-06, ECI-25, ECI-28, ECI-37, ECI-38, ECI-47, ECI-74, ECI-78, ECI-88, ECI-106, ECI-109, ECI-110, ECI-115 and ECI-117.  For these local sites with conclusion (iii),  the bioavailability corrections, which have been used in the current risk assessment should be incorporated as an essential part of the risk reduction measurement process for these site.
· to the following sectors with limited information : “cable manufacturing with outdated treatment techniques” and the “chemicals industry”. For both sectors, the generic scenario  (using worst case emission scenario’s and EU wide reasonable worst PNECs) indicated potential risks to the aquatic compartment.  For the chemicals industry sector, also a potential risk for sewage treatment plants was identified when using the generic scenario.  For these sectors, additional information on emissions and bioavailability corrections, which have been used in the current risk assessment should be incorporated as an essential part of the risk reduction measurement process for these sectors.   

· the targeted assessment for surface waters directly receiving waste waters from a waste incineration plant (hypothetical worst case emission for waste incineration plants leads to RCRs for sediments ranging between 1.1 and 1.4).   For this conclusion (iii),  local emission data and bioavailability corrections, which have been used in the current risk assessment should be incorporated as an essential part of the risk reduction measurement process.  
· the targeted assessment for roadboarders - in the immediate vicinity of an urban road (1-2 m distance to the technosphere). This conclusion (iii) was driven by studies by Mariño et al. (1992) and by Garcia et al 1996) on measurements at urban roads in Spain. For this conclusion (iii),  the bioavailability corrections, which have been used in the current risk assessment should be incorporated as an essential part of the risk reduction measurement process.   
· Annex I

Table AI-a    Step-wise approach 3 local risk characterisation for soil. The Risk Characterisation Ratio (RCR) = PEC/PNEC. The RWC PNEC total = 78.9 mg kg/dw (log normal distribution) and 73.1 mg kg/dw (best fit, scenario Spain, loamy soil)

	N°
	Clocalsoil
	PEClocal total soil
	RCR soil
	RCR soil

	
	
	
	Step-wise approach 3 (PNEC=78.9 mg/kgdw)
	Step-wise approach 3 (PNEC=73.1 mg/kgdw)

	 
	(mg/kgdw)
	(mg/kgdw)
	total
	total

	Refining and smelting
	 

	ECI-01
	0.76
	25.16
	0.32
	0.34

	ECI-05
	0.81
	25.21
	0.32
	0.34

	ECI-07
	0.06
	32.16
	0.41
	0.44

	ECI-53
	2
	26.4
	0.33
	0.36

	ECI-54
	0.34
	23.74
	0.30
	0.32

	ECI-55
	0.45
	23.85
	0.30
	0.33

	ECI-67
	0.44
	24.84
	0.31
	0.34

	ECI-71
	0.41
	24.81
	0.31
	0.34

	ECI-72
	0.58
	24.98
	0.32
	0.34

	ECI-90
	0.04
	24.44
	0.31
	0.33

	ECI-116
	1.79
	26.19
	0.33
	0.36

	ECI-116
	0.04
	24.44
	0.31
	0.33

	Wire-rod s and cables
	 

	ECI-02
	1.27
	25.67
	0.33
	0.35

	ECI-03
	0
	24.4
	0.31
	0.33

	ECI-08
	0.22
	24.62
	0.31
	0.34

	ECI-17
	0.006
	24.41
	0.31
	0.33

	ECI-47
	0
	24.4
	0.31
	0.33

	ECI-57
	1.01
	25.41
	0.32
	0.35

	ECI-58
	0.03
	24.43
	/
	/

	Site has completely stopped n April 2005.
	
	
	
	

	ECI-59DU
	0.004
	24.4
	0.31
	0.33

	ECI-60DU
	0.03
	24.43
	0.31
	0.33

	ECI-61DU
	0.05
	24.45
	0.31
	0.33

	ECI-62DU
	0.01
	24.41
	0.31
	0.33

	ECI-63
	0.77
	25.17
	0.32
	0.34

	ECI-66
	0
	23.4
	0.30
	0.32

	ECI-76
	1.21
	25.61
	0.32
	0.35

	ECI-78
	0.01
	24.41
	0.31
	0.33

	ECI-92
	0.0005
	23.4
	0.30
	0.32

	ECI-98
	0.1
	24.5
	0.31
	0.34

	ECI-99
	0
	24.4
	0.31
	0.33

	ECI-102
	0.01
	24.41
	0.31
	0.33

	INGOTS AND SAND-DIE CASTING
	 

	ECI-11
	0.74
	24.14
	0.31
	0.33

	ECI-18
	0.0014
	24.4
	0.31
	0.33

	ECI-21
	0.04
	24.44
	0.31
	0.33

	ECI-44
	0.2
	24.6
	0.31
	0.34

	ECI-65
	0.01
	24.41
	0.31
	0.33

	ECI-83
	0.06
	40.26
	0.51
	0.55

	ECI-84
	0.01
	24.41
	0.31
	0.33

	ECI-85
	0.002
	24.4
	0.31
	0.33

	ECI-95
	0.48
	24.88
	0.32
	0.34

	ECI-104
	0.03
	23.43
	0.30
	0.32

	ECI-111
	0.0001
	24.4
	0.31
	0.33

	ECI-114
	0.0094
	24.41
	0.31
	0.33

	ECI-115
	NA
	NA
	NA
	NA

	Semis
	 

	ECI-04
	0.0037
	24.4
	0.31
	0.33

	ECI-09
	0.38
	23.78
	0.30
	0.33

	ECI-10
	0.0026
	23.4
	0.30
	0.32

	ECI-10
	0.09
	23.49
	0.30
	0.32

	ECI-12
	0.07
	24.47
	0.31
	0.33

	ECI-13
	1.47
	24.87
	0.32
	0.34

	ECI-14
	0.0009
	32.1
	0.41
	0.44

	ECI-15
	0
	32.1
	0.41
	0.44

	ECI-20
	2.17
	26.57
	0.34
	0.36

	ECI-22
	8.52
	32.92
	0.42
	0.45

	ECI-23
	0
	24.4
	0.31
	0.33

	ECI-24
	0.19
	24.59
	0.31
	0.34

	ECI-25
	0
	24.4
	0.31
	0.33

	ECI-27
	0.004
	24.4
	0.31
	0.33

	ECI-28
	0.04
	24.44
	0.31
	0.33

	ECI-29
	0.01
	24.41
	0.31
	0.33

	ECI-31
	0
	24.4
	/
	/

	Site closed in 2006
	
	
	
	

	ECI-32
	0.09
	23.49
	0.30
	0.32

	ECI-33
	NA 
	NA 
	NA
	NA

	ECI-34
	0.06
	23.46
	0.30
	0.32

	ECI-35
	0.002
	23.4
	0.30
	0.32

	ECI-36
	0.01
	24.41
	0.31
	0.33

	ECI-37
	0.002
	24.4
	0.31
	0.33

	ECI-38
	0.002
	24.4
	0.31
	0.33

	ECI-39
	0
	24.4
	0.31
	0.33

	ECI-40
	0
	24.4
	0.31
	0.33

	ECI-41
	0.008
	24.41
	0.31
	0.33

	ECI-43
	0.0006
	24.4
	0.31
	0.33

	ECI-46
	0.3
	24.7
	0.31
	0.34

	ECI-48
	2.79
	27.19
	0.34
	0.37

	ECI-49
	0.79
	25.19
	0.32
	0.34

	ECI-51
	0
	32.1
	0.41
	0.44

	ECI-52
	0.68
	25.08
	0.32
	0.34

	ECI-56
	6.73
	31.13
	0.39
	0.43

	ECI-64
	0.09
	24.49
	0.31
	0.34

	ECI-68
	0.24
	7.54
	0.10
	0.10

	ECI-70
	0
	24.4
	0.31
	0.33

	ECI-74
	0.07
	23.47
	0.30
	0.32

	ECI-75
	0.13
	24.53
	0.31
	0.34

	ECI-77
	0
	24.4
	0.31
	0.33

	ECI-79
	NA 
	NA 
	NA
	NA

	ECI-80
	0
	24.4
	0.31
	0.33

	ECI-81
	0.02
	24.42
	0.31
	0.33

	ECI-82DU
	0.03
	23.43
	0.30
	0.32

	ECI-94
	0.0008
	24.4
	0.31
	0.33

	ECI-96
	0.11
	23.51
	0.30
	0.32

	ECI-100
	0.01
	24.41
	0.31
	0.33

	ECI-101
	0
	24.4
	0.31
	0.33

	Copper powders and chemicals
	 

	ECI-06
	0.0007
	24.4
	0.31
	0.33

	ECI-86
	0.01
	24.41
	/
	/

	Company closed in last quarter of 2004
	
	
	
	

	ECI-87
	0.0019
	23.4
	0.30
	0.32

	ECI-88
	0.04
	24.44
	0.31
	0.33

	ECI-89
	0.05
	23.45
	0.30
	0.32

	ECI-91
	0.01
	24.41
	0.31
	0.33

	ECI-93
	0.09
	23.49
	0.30
	0.32

	ECI-97
	0.001
	23.4
	0.30
	0.32

	ECI-105
	0.04
	24.44
	0.31
	0.33

	ECI-106
	0
	24.4
	0.31
	0.33

	ECI-107
	1.88
	26.28
	0.33
	0.36

	ECI-108
	0.02
	24.42
	/
	/

	Company is no longer manufacturing
	
	
	
	

	ECI-109
	0.03
	23.43
	0.30
	0.32

	ECI-110
	0.08
	24.48
	0.31
	0.33

	ECI-112
	0.15
	24.55
	0.31
	0.34

	ECI-117
	7.72
	32.12
	0.41
	0.44


· Annex II

1.
The Netherlands

Logtransformation; Spherical model: scale=0.0731, length=0.3

[image: image59.emf]0 0.2 0.4 0.6 0.8 1 1.2 1.4

Lag Distance

0

0.01

0.02

0.03

0.04

0.05

0.06

0.07

0.08

0.09

0.1

0.11

V

a

r

i

o

g

r

a

m

Direction: 0.0   Tolerance: 90.0

Column R:  logRCRCu

 


Figure AII.1: Variogram for Cu RCR values in soils from The Netherlands.

Logtransformation; Spherical model: scale=0.11, length=0.2
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Figure AII.2: Variogram of Cu PEC values in soils from The Netherlands.

Logtransformation; Spherical model, scale=0.0629, length=0.35
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Figure AII.3: Variogram of Cu PNEC values in soils from The Netherlands.

2.
Finland, Sweden and Norway

Logtransformation; Exponential model: scale=0.1, length=0.5
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Figure AII.4: Variogram for Cu PEC values in soils from Finland, Sweden and Norway.

Logtransformation; Exponential model: scale=0.05, length=1.6
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Figure AII.5: Variogram for Cu PNEC values in soils from Finland, Sweden and Norway.

3.
England and Wales
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Figure AII.6: Variogram for Cu RCR values in soils from England and Wales.

Logtransformation; Spherical: scale=0.04548, length=0.5
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Figure AII.7: Variogram for Cu PNEC values in soils from Europe.
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� Ilse Schoeters, now at Rio Tinto Minerals, Belgium


� Ilse Schoeters, now at Rio Tinto Minerals, Belgium


� 	Conclusion (i)	There is a need for further information and/or testing.


	Conclusion (ii)	There is at present no need for further information and/or testing and no need for risk reduction measures beyond those which are being applied already.


	Conclusion (iii)	There is a need for limiting the risks; risk reduction measures which are already being applied shall be taken into account.


� A geographic information system (GIS), also known as a geographical information system or geospatial information system, is any system for capturing, storing, analyzing and managing data and associated attributes which are spatially referenced to � HYPERLINK "http://en.wikipedia.org/wiki/Earth" \o "Earth" �Earth�.





� GIS derived BLM  PNEC = a site-specific BLM PNEC obtained from the Geographic Information System developed for copper PNECs in EU surface waters 


� Soils with a higher clay content have generally higher metal background levels, higher PEC values and higher PNEC values


� Chronic NOEC values are available for 3 unicellular algal species (Pseudokircherniella subcapitata; Chlamydomonas reinhardtii; Chlorella vulgaris), 1 higher plant (Lemna minor), 1 rotifer species (Brachionus calyciflorus); 3 insect species (Clistoronia magnifica; Chironomus riparius; Paratanytarsus parthenogeneticus), 4 mollusc species (Juga plicifera, Campeloma decisum; Villosa iris; Dreissenia polymorpha), 5 crustacean species (Ceriodaphnia dubia; Daphnia magna; Daphnia pulex; Hyalella azteca; Gammarus pulex) and 10 fish species (Pimephales notatus; Pimephales promelas; Oncorhynchus mykiss; Oncorhynchus kisutch; Ictalurus punctatus; Perca fluviatilis; Salvelinus fontanilis; Noemacheilus barbatulus; Catostomus commersoni; Esox lucius). 





� Acid volatile sulfide (AVS)  is an operational defined parameter indicating those sulfides, which are readily extracted by the cold extraction of sediment in approximately 1 M HCl acid.


� Chronic waterborne NOEC/EC50 data : Hyalella azteca, Gammarus pulex Cherax destrutor, Parataya australiensis, Macrobrachium,Procambarus clarkia, Chironomus riparius, Chironomus tentans, Tanytarsus dissimillis, Pteronarcys californica, Ephemerella grandis, Velusunio angasi, Carbiculina australis Dreissena polymorpha, Pomapocea paludosa,, Unioniday mussels, Juga plicifera, Campelona decisum, , Synedra ulna, Oscilatoria, Lactuca sativa


� Additional information (not mentioned in the regional assessment was obtained for Austria (see regional risk characterization) and the 90th percentile (2 µg Cu/L) was used as regional background for the Austran sites.  If no regional PEC was available, the background value of 2.9 µg Cu/L (median of the region-specific 90th percentiles).





� Considering that PEC regional has a large contribution in most of the PEC locals, the SWAD database, used for the PEC regional and regional risk characterisation was considered as more representative then the FOREGS database.  The Forgs database  has generally a smaller sample density then the SWAD database and used a different sampling strategy (FOREGs aims at establishing a baseline level in Europe while SWAD used all available national monitoring data)


� GIS derived BLM  PNEC = a site-specific BLM PNEC obtained from the Geographic Information System developed for copper PNECs in EU surface waters (see sections 3.3.1 and 3.3.2.2)


� Negative values are set to 0


� Vangheluwe, 2005. discussion document on the selection of an AVS default value representative for the EU region, 21th November, 2005.





� 25 samples were randomly selected from the AVS distribution of Flanders (200 samples). This process was iterated many times (4000) in a Monte Carlo simulation (bootstrap simulation). A lognormal distribution was each time assumed to calculate the 10th percentile.


� Power calculation software (Splus) was readily available for the mean


� Soils with a higher clay content have generally higher metal background levels, higher PEC values and higher PNEC values.
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