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1. Background

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 Competent Authorities in 2001. The whole process was managed by the European Copper Institute (ECI). The VRA was compiled in co-operation with expert consultants from EURAS-ARCADIS (Belgium) and Regulatory Compliance Limited (UK). Italy volunteered to be the Reviewing Member State. 

The Industry voluntary risk assessment (VRA) on copper and copper compounds, following the EU Technical Guidance Document on Risk assessment and the voluntary development of additional detailed guidance for the risk assessment of metals (MERAG and HERAG projects), was presented to the 11th Joint Competent Authorities meeting in Helsinki (16-17 June 2005) (JM/17/2005). Industry had expressed that they favoured a final endorsement of the results of the assessments by the Technical Committee on New and Existing Substances (TC NES) and Competent Authorities, in the same way as done for the regulatory Risk Assessments under Reg. 793/93. At the 13th Competent Authorities meeting, it was agreed to request the TC NES to discuss, comment and develop an opinion on the Voluntary Risk assessment, and thereafter to forward the VRA along with the TCNES opinion to the SCHER. 

Some Member States expressed their reservation on the process followed. The risk assessment was a very extensive complex document as a consequence of the extensive body of literature available on copper and its compounds. In 2002 the Competent Authorities, and Italy in particular as reviewing country, had made a commitment to review the outcome of the Industry risk assessments. The Commission (DG Environment and DG Enterprise) supported this activity, since there was seen to be a need to have a high quality, scientifically sound risk assessment on certain copper compounds to underpin decision-making on various issues related to copper at Community level. Nevertheless, it was acknowledged that the preparations towards REACH and the fulfilment of legal obligations under the current Existing Substances risk assessment programme, had made it very difficult to commit resources in order to comment in-depth on all parts of the VRA. Consequently the Member States requested to be stated that lack of comments to any part of the risk assessment did not indicate acceptance of that part of the VRA. Nevertheless for those sections which had been commented, ECI had addressed all comments raised.
It was pointed out that for the upcoming evaluation of copper compounds under the Biocidal Products Directive an effort to harmonise the approaches followed with regards to the effects assessment would be made by the Commission, reviewing Member States and the concerned companies.
The TC NES was requested to develop an opinion on the assessment answering the following two questions:

· Is the assessment in line with the methodology in the TGD or has adequate justification been given for major deviations or modifications?

· Are the conclusions of the assessment plausible and can they be supported, based on the assumption that the methodology, including details thereof is adequate and the information presented is correct?

2. Commentary of the review process

The Environment part of the VRA report was first presented to TC NES II 05 and followed the TC NES standard procedure of discussion. The first in-depth discussion on the aquatic effects parts, terrestrial effects and secondary poisoning parts and exposure parts took place at TC NES I 06, TC NES III 06 and TC NES II 06, respectively. IND revised the report in light of the discussions at TC NES level. The revised exposure part was brought forward and agreed upon at TC NES I 07. The revised effects part was brought forward to TC NES I 07 and subsequently revised and discussed at TC NES II, III, IV 07 and I 08.

Following the last discussion and comments received, IND revised the VRA report which was distributed to TC NES on the 14th of May 2008. The following opinion relates to the May 2008 version of the VRA on copper and copper compounds.
Parallel to the VRA on copper and copper compounds, the methodology on environmental risk assessment for metal and metal compounds was several times discussed at TC NES. These discussions took place either in relation to the VRA on copper and copper compounds and the RAR for nickel or in relation to the guidance developed under the REACH RIP 3.2 (Guidance on preparing the Chemical Safety Report and Chemical Safety Assessment). Following these TC NES discussions, the methodology used in the VRA on copper and copper compounds was harmonized with the RAR for nickel.
The VRA on copper and copper compounds has been discussed intensively in the TC NES, where in total eight meetings were devoted to this report. On almost all parts of the VRA comments in writing were received from one or more Member State. The aquatic - freshwater as well as marine and sediment – effects parts were discussed three times. It can be concluded that each part was at least discussed twice in-depth by the TCNES.
3. Summary of the conclusions of the Environment part of the RAR
Classification and Labelling

Only the copper compounds (copper (I) oxide, copper sulphate pentahydrate) are classified in Annex I to Directive 67/548/EEC (latest update in the 29th ATP) as N; R50-53. For copper oxychloride, copper (II) oxide in the VRA the classification N; R50-53 is proposed .The need for classification of the copper powders is dependent on the specific surface area (mm2/g) of the copper powders and for the fine powders: in the VRA the classification R50-53 is proposed, while for copper massive it is concluded that there is no need for environmental classification. The classification and labelling proposal was not discussed by the Technical Committee on Classification and Labelling (TC C&L).
Effects assessment
Aquatic effects 

Information on the mode of action of copper exposure indicated that the target tissue for copper toxicity were the water/organism interface with cell wall and gill-like surfaces acting as target biotic ligands in all species investigated.  

For the freshwater pelagic compartment, 139 individual NOEC/EC10 values resulting in 27 different species-specific NOEC values, covering different trophic levels (fish, invertebrates and algae) were used for the PNEC derivation.  The large intra-species variabilities in the reported single species NOECs were related to the influence of test media characteristics (e.g., pH, dissolved organic carbon, hardness) on the bioavailability and thus toxicity of copper. Species-specific NOECs were therefore calculated after normalizing the NOECs towards a series of realistic environmental conditions in Europe (typical EU scenario’s, with well-defined pH, hardness and DOC). Such normalization was done by using chronic copper bioavailability models (Biotic Ligand Models), developed and validated for three taxonomic groups (fish, invertebrates and algae) and additional demonstration of the applicability of the models to a range of other species. The species-specific BLM-normalized NOECs were used for the derivation of log-normal Species Sensitivity Distributions (SSD) and HC5-50 values (the median fifth percentile of the SSD), using statistical extrapolation methods. The HC5-50 values of the typical EU scenarios ranged between 7.8 to 22.1 µg Cu/L. Additional BLM scenario calculations for a wide range of surface waters across Europe further demonstrated that the HC5-50 of 7.8 µg Cu/L, is protective for 90% of the EU surface waters and can thus be considered as a reasonable worst case for Europe in a generic context. 

Copper threshold values were also derived for three high quality mesocosm studies, representing lentic and lotic systems. The mesocosm studies included the assessment of direct and indirect effects to large variety of taxonomic group and integrate potential effects from uptake from water as well as from food. 

BLM-calculated HC5-50 values (Assessment Factor (AF)=1) were used as PNEC for the risk characterisation. The HC5-50 (AF=1) of 7.8 µg Cu/l was used as reasonable worst case PNEC for Europe in a generic context in absence of site-specific information on bioavailability parameters (pH, DOC, hardness).  The AF=1 was chosen in relation to the uncertainty considerations covering 1) the mechanism of action; 2) the overall evaluation of the database; 3) the robustness of the HC5-50 values; 4) corrections for bioavailability (reducing uncertainty); 5) the sensitivity analysis with regards to DOC and read-across assumptions;  6) the factor of conservatism “built in into” the data and assessment (such as no acclimation of the test organisms and no pre-equilibration of test media); 7) results from multi-species mesocosm studies and 8) comparison with natural backgrounds and optimal concentration ranges for copper, an essential metal.
For the STP compartment, high-quality NOECs from respiration or nitrification inhibition studies, relevant to the functioning of a Sewage Treatment Plant (STP), resulted from biodegradation/removal studies and NOECs for ciliated protozoa were used to derive the PNEC for STP micro-organisms. The lowest reliable observed NOEC value was noted for the inhibition of respiration (0.23 mg/l expressed as dissolved copper) and carried forward as PNEC to the risk characterisation.

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

High-quality chronic benthic NOECs for six benthic species, representing 62 NOEC values were retained for the PNEC derivation.  NOEC values were related to sediment characteristics (e.g., Organic Carbon (OC) and Acid Volatile Sulphides (AVS)), influencing the bioavailability and thus toxicity of copper to benthic organisms. The derivation of the freshwater HC5-50sediment for copper was therefore based on the OC-normalized dataset, containing only low-AVS sediments. Using the log-normal species sensitivity distribution a freshwater HC5-50sediment of 1741 mg Cu/kg OC was derived through the statistical extrapolation method.
Using the equilibrium partitioning (EqP) approach, the derived HC5-50sediment (EP) values were comparable or higher than the HC5-50 derived from whole sediment tests.   The comparison between the sensitivity of soil and benthic organisms added weight to the HC5-50 from whole sediment tests. The same did sediment threshold values and benthic NOECs that were obtained from four mesocosm studies and one field cohort study. 
The HC5-50 (AF=1) of  1741 mg Cu/kg OC, corresponding to 87 mg Cu/kg dry weight for a sediment with 5 % O.C.(TGD default value) was carried forward as reasonable worst case PNEC for Europe in a generic context. The AF of 1 has been chosen in relation to the uncertainty considerations covering 1) weight of evidence provided; 2) the overall quality of the database; 3) the robustness of the HC5-50 values; 4) corrections for bioavailability (reducing uncertainty); 5) the conservative factor built into the system (no acclimation of the test organisms and only low AVS sediments retained); 6) validations from multi-species mesocosm studies and field studies and 7) comparison with natural backgrounds and optimal concentration ranges.

In case of natural sediments both the amount of AVS and organic carbon present in the sediment has dictated the observed effect levels for copper and were used for the risk characterisation.  In absence of AVS data, a default AVS value of 0.77 µmol/kg dry weight was used.  This value corresponded to the 10th percentile of the AVS obtained from a wide Flemish monitoring database and additional AVS data from other European countries. 

For the marine PNEC derivation, 51 high-quality chronic NOEC/EC10 values, resulting in 24 different species-specific NOEC values covering different trophic levels (fish, invertebrates, algae), were retained for the PNEC derivation. NOEC values were related to the DOC concentrations of the marine test media. Species-specific NOECs were therefore calculated after DOC normalizing of the NOECs. These species-specific NOECs were used for the derivation of species sensitivity distributions (SSD) and HC5-50 values, using statistical extrapolation methods. Considering that the log-normal distribution had a poor data fit according to goodness of fit tests, HC5-50 values, obtained by using the best-fitting parametric distribution, were considered for the PNEC derivation.  The organic carbon normalisation was carried out at a DOC level typical for coastal areas (2 mg/l) and resulted in an HC5-50 value of 5.2 µg Cu/L. Additionally a semi-parametric statistical analysis of the NOECs distribution was performed and a HC5-50 derived. Some Member States preferred this option of derivation of HC5-50. Because the difference between the HC5-50 by either approach were similar, the HC5-50 derived by the parametric curve fitting (using the fit function that fitted best) was used. The evaluations of lower-quality NOECs and EC50s from single species and multi-species marine studies added weight to the HC5-50 value derived from the best-fitting distribution. In the absence of a high-quality mesocosm, an AF of 2 has been applied on the HC5-50 and a marine PNEC of 2.6 µg Cu/L is carried forward to the risk characterization.  TC NES agreed that, considering the large amount of information available, this assessment factor could in future be reduced if the HC5-50 could be validated with reliable, representative and comprehensive mesocosm data. 

The marine PNECsediment was calculated using the equilibrium partitioning method. The partitioning method resulted in a PNEC of 144 mg/kg dry weight (estuarine environment) and 338 mg/kg dry weight (marine environment) (suspended solids method) when using the marine pelagic PNEC of 2.6 µg Cu/L and median partitioning coefficients between water and sediment for estuarine and marine waters respectively. 

Soil effects

A high-quality dataset of 252 individual chronic NOEC/EC10 values from 28 different species and processes representing different trophic levels (i.e., decomposers, primary producers, primary consumers) has been retained for the PNEC derivation. The observed intra-species differences in toxicity data were related to differences in bioavailability, the latter related to differences in soil properties and to differences in ageing and application mode and rate. 

The soil property best explaining the variability in toxicity for most of the endpoints was the eCEC (effective Cation Exchange Capacity). To account for the observed difference between lab-spiked soils and field-contaminated soils, a conservative leaching-ageing factor of 2 was agreed based on test data from 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, after addition of the respective Cu background concentrations, were subsequently normalised to representative EU soils using the relevant regression (bio)availability models, generating so soil-type specific HC5-50 values. Species Sensitivity Distributions were constructed using the normalised NOEC/EC10 data. HC5-50 values from log-normal distributions ranging between 78.9 and 172.8 mg Cu/kg dry weight were obtained. 
A total of eight single species studies were 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 five multi-species studies were available, three of which studied the effects of copper in freshly spiked soils and 2 in field contaminated aged soils. Invertebrates, plants and micro-organisms were studied. Single-species and multi-species field studies indicate that effects did not occur at an exposure level at the HC5-50-value.

Normalized HC5-50 values (AF=1) were used as PNEC for the risk characterisation. The HC5-50 (AF=1) of 78.9 mg Cu/kg dry weight was used as reasonable worst case PNEC for Europe in absence of site-specific information on soil properties.  The uncertainty analysis that provides arguments for the AF=1 was based on: 1) the overall quality of the database and the end-points covered; 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 comparisons of their results with the HC5-50.

Secondary Poisoning

An in-depth literature search showed the absence of copper biomagnification across the trophic chain in the aquatic and terrestrial food chains. Differences in sensitivity among species were not related to the level in the trophic chain but to the capability of internal homeostasis and detoxification. Field evidence had further provided no indications of secondary poisoning.

Exposure 

An exposure assessment was performed for all compartments at a local and regional scale, considering copper production, copper uses and end of life disposal.

The sectors that have been identified for estimating local exposures include: Smelting and Refining, Wirerod & Cables production, Casting Billets and Plates, Production of Semis, Production of Copper Powders and Copper Chemicals. Exposure levels were assessed from site-specific releases to the environment where available. Additional sector-specific reasonable worst case generic exposure scenarios were performed for sectors with limited coverage.

Regional exposures were based on measured copper levels, obtained form National databases and literature searches. The in-depth analysis of all sources (including releases during professional uses, consumer uses and after disposal) demonstrated that major copper emissions were related to diffuse emissions from copper compounds used as livestock feed additives and soil fertilizers and from copper powders used in automobile brake pads.
Releases through end of life disposal were assessed from generic reasonable worst case scenarios for MSW incineration and landfills.

Risk characterisation

Considering that both the added and the background copper concentrations may contribute to the observed effects, the current risk assessment implemented the total risk approach. The regional and local risk characterisation included probabilistic assessments of risks in a step-wise approach, with incorporation of bioavailability where possible. The risk characterization concluded that there is no concern (conclusion (ii)) for most sectors: “Smelting and Refining”, “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 did not require further risk reduction measures beyond those which were being applied.  Also 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) demonstrated that the production processes lead to very limited emissions and no environmental risks were expected. For the majority (54%) of the sites from the sector “Copper Powder and Copper chemicals”, it was concluded that, under normal operation conditions, the production of these products did not require further risk reduction measures beyond those which were being applied (conclusion ii).  However, for some sites and for the following sectors with limited information: “Cable manufacturing with outdated treatment techniques” and the “Chemicals Industry”, a conclusion (iii) was drawn for the aquatic compartment. For these sites and sectors, additional information on emissions and bioavailability corrections that had been used in the current risk assessment, should be incorporated as an essential part of the process for developing risk reduction measures.
Emissions from landfills and incineration sites, emitting the waste water to a sewage treatment plant were of no concern for the freshwater and sediment compartment (conclusion ii). However, potential risks were calculated from the targeted assessment for surface waters directly receiving waste waters from a waste incineration plant (hypothetical worst case emission for waste incineration plants).  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 process for developing risk reduction measures.
The targeted assessment for roadborders indicated a potential risk to the terrestrial environment in the immediate vicinity of a number of urban roads (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) case, the bioavailability corrections that had been used in the current risk assessment should be incorporated as an essential part of the process for developing risk reduction measures.
The risk characterisation further concluded no regional concerns (conclusion ii) for any of the compartments considered.
4. Major comments on the environment part of the assessment by the TC NES

Comments were received from Member States (IT, NL, UK, SE, DK, DE, FR, SP, PL) and NO either in writing or during the discussion at TC NES level. Major comments concerned the issues related to use of the Biotic Ligand Models, SSD curve fitting approach, an AVS correction for the sediment compartment and the choice of the assessment factor on the HC5-50.

For the local exposure assessment, DE asked clarifications on the sectors and their coverage. This was provided. Additional regional monitoring data were provided by several Member States and these were included. NL and UK asked further information on the applicability of the marine exposure data to Southern Europe. IND provided indirect information from freshwater exposures.

The freshwater effects assessment was discussed at several TC NES meetings. NL commented on the use of “measured data” only for the PNEC derivation. A sensitivity analysis was carried out using only NOECs from high quality measured data versus NOECs from high quality nominal data with information on copper background levels in the test media. One of the main discussion items was if the Biotic Ligand Models (BLM) developed for fish, Daphnia and algae can be used across species. Following the recommendation from a generic discussion at TC NES on the use of BLMs, spot checks were carried out with data from higher plants, rotifers and bivalves. In addition, a sensitivity analysis was carried out for insects. Also, the impact of DOC quality and a sensitivity analysis of assumed DOC levels was carried out. Based on the spot checks and the sensitivity analysis, the majority of the TC NES supported the use of BLMs across all species. According to SE there were still remaining uncertainties in the use of BLMs for all species, like the remaining variation for Hyallela and Pimephales promelas and the use of a default value of 50% active fulvic acid instead of a higher, more conservative default value of 65%. Mesocosm data were normalized to allow comparison with the single–species HC5-50s derived. The fact that no pre-equilibration between the copper dose and the test media was applied in two out of the three mesocosm studies further suggest that the sensitivity in these studies were high and that the BLM predicted single species HC5-50 is expected to be protective for similar systems in the field. For the derivation of the PNECfreshwater the majority of the TC NES supported the use of an assessment of 1. DE had general concerns on the use of an assessment factor of 1. SE disagreed with the use of an assessment factor of 1 and proposed an assessment factor of 2 based on the remaining uncertainty.
A number of comments were received on the sediment effects part. Following Member States requests, organic carbon (OC) normalization was carried out for the HC5-50s derived using the Equilibrium Partitioning methods. OC normalization and AVS corrections were included in the mesocosm validation exercise. For the derivation of the PNECsediment the majority of the TC NES supported the use of an assessment of 1 on the HC5-50 based on toxicity data for benthic organisms. DE had general concerns on the use of an assessment factor of 1. SE did not support the use of an assessment factor of 1. First, SE stated that the HC5-50 based on the Equilibrium Partitioning (EP) method was not supporting the derived PNECsediment as the PNECfreswater used in the EP was derived applying an assessment factor of 1 to which SE disagreed. SE stated that AVS concentrations in supportive data, where SE referred to the mesocosm studies, must be similar to the AVS concentrations in the toxicity tests used for the derivation of the PNECsediment.
As a result of the evaluation of cadmium (where the representativeness of the proposed default AVS value for Europe was questioned by TC NES), the metals industry and Spain, Finland and the United Kingdom co-operated to obtain additional AVS data. Following a request by the TC NES when discussing the default AVS value of 0.77 μmol/g dw, additional information was provided on the spatial and temporal variability. To avoid double counting of AVS, the residual AVS present in the media from the ecotoxicological tests was subtracted from the AVS value used for the risk characterization.

The soil effects database was revised based on several Member States comments. The bioavailability models and “aging factor” for soil were agreed upon by TC NES after the inclusion of additional information, requested by some Member States: clarification on how the bioavailability corrections were carried out, the inclusion of an assessment of enzymatic processes, clarification on the applicability of the “aging factor” for soil micro-organisms and a sensitivity analysis on the models used. For the derivation of the PNECsoil the majority,  of the TC NES supported the use of an assessment factor of 1 on the HC5-50. SE and DE had general concerns on the use of an assessment factor of 1.
To the initial marine effects database several data points were added or revised. In addition, the information on organic carbon normalization was updated with new information from SE. Considering the poor fitting of the log-normal fitting, NL asked for the addition of semi-parametric statistical analysis. IND included this in the final version and this analysis supported the derivation of the HC5-50, which in this case was based on the majority preference of using a parametric curve fitting approach that only gave a slightly different HC5-50 value.  For the derivation of the PNECmarine there was no consensus on the assessment factor on the HC5-50, where a factor of 1 and 2 was discussed. The TC NES agreed that for the risk characterization an assessment factor of 2 will at present be used. In addition, TC NES supported the proposal from IND to carry out a marine mesocosm study. IND proposed to form a working group, where experts from IND and Member States will participate, to develop a study protocol for this study. TC NES supported this proposal and suggested to involve also experts from the relevant national bodies involved in biocides. The Commission will initiate consultation with the Technical Meeting on Biocides.
For the derivation of a marine PNECsediment, DK asked a more detailed analysis of Kd values in marine systems, which was included. TC NES agreed with the revised section and PNECsediment used.

DK, DE and SE expressed a general concern using an assessment factor of 1 on the HC5-50 as residual uncertainty always remains. DK could see the logic behind a proposal for a lower assessment factor than 2 in the particular case of copper taking all the arguments put forward into account and comparing with the assessment of other data rich substances such as zinc, cadmium and nickel. DK also noted the differences in impact on the PNEC between an assessment factor of for example 5 and 4 compared to 2 and 1, where the reduction from 2 to 1 has a relatively larger impact.
Several comments were made on the risk characterization chapter. From the initial draft, NL and SE observed low PNECs in Austria and France and questioned the validity of the Reasonable Worst Case (RWC) PNECfreshwater. IND obtained additional information on bioavailability parameters for these regions and included PNEC maps for a range of EU countries. SE still has concerns with the use of the EU-wide RWC freshwater PNEC.
UK asked to include a section on local risk characterization for soils with limited data, which was included. The majority of the TC NES agreed with the conclusions of the risk characterization. 
5. Conclusion

The voluntary risk assessment on copper and copper compounds (CuO, Cu2O, CuSO4 and Cu2Cl(OH)3) (Environment Part) has been conducted in line with the methodology in the Technical Guidance Documents for the risk assessment of existing substances (TGD). The principles of the TGD were expanded by incorporating the BLM concept.
On the assumption that the information presented is correct and that the methodology applied, is appropriate, the conclusions of the VRA are plausible and can be supported by the majority of the TC NES. 
Two Member States do not support the derivation of the PNECfreshwater, PNECsediment and PNECsoil applying an assessment factor of 1. One Member State still has concerns on the conclusions of the risk characterization. SE is not in a position to conclude on the full VRA that the assessment is in line with the TGD and the conclusions are plausible, as SE has not commented on the exposure assessment with the exception of the regional monitoring data. DE stated that the lack of comments to the VRA should not indicate acceptance of the VRA.
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