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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. The VRA was compiled in co-operation with expert consultants from the Institute of Occupational and Environmental Medicine (University of Birmingham), ICON for human health toxicity and BR. Stern and Associates for the human health deficiency chapter. 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 (DE, DK, SE) 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 1999 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 ENV and DG ENTR) 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 fulfillment 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 DK, DE and SE 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 to the point where there were no remaining questions or disagreements. 
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 COM, 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 Human Health 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 took place at TC NES I 06 followed by a second discussion at TC NES II 06. IND revised the report in light of the discussions at TC NES level and the revised report was brought forward at TC NES IV 06. Following the last discussion and comments received in writing, IND revised the VRA report which was distributed to TC NES in June 2007. The following opinion relates to the June 2007 version of the VRA on copper and copper compounds. 

3. Summary of the conclusions of the Human Health part of RAR

General systemic toxicity (liver effects) following repeated oral exposure, gastrointestinal symptoms following acute oral exposure and respiratory effects from acute inhalation exposure represent the most significant endpoints in relation to human health for the copper substances covered by the risk assessment. The oral and the inhalation route present the most significant routes of exposure. 

The absorption factor of 25% resulting from pooled measured true absorption data from the available rat studies is applied to the repeated dose NOAEL of 16.3 mg Cu/kg b.w/day that is used for risk characterization. 

Based on the available measured true oral absorption rates in humans, two functions have been fitted giving a continuous distribution:

Equation 1: oral absorption%=-15.0ln(x) +63.2

Equation 2: oral absorption%=72.9e-0.1167x
x=copper intake (mg/day)
Oral absorption in humans is calculated based on the mean result of these two functions for a given dose in the gastro-intestinal tract. This method of calculation is applied to the overall intake of copper from oral exposure and the translocated fraction from inhalation exposure.

Oral absorption data for humans and rats show qualitative and quantitative similarities between the two species.

For dermal exposure to copper the dermal absorption of 0.3% for soluble and insoluble copper substances in solution or suspension is used in risk characterization and is based on the findings from in vitro percutaneous tests on human skin. For dry exposure scenarios the dermal absorption value of 0.03% is used for risk characterization. 

With respect to systemic absorption of copper following inhalation the pulmonary and translocated fractions of the daily inhaled dose of copper are calculated using the Multiple Path Model of Particle Deposition (MPPD). The pulmonary fraction is assumed to be 100% absorbed. 

Following absorption from the gastrointestinal tract, copper in the ionic form is transported to the liver. The liver is the main organ involved in copper distribution whereas the brain also contains relatively high concentrations of copper.

The main route of excretion for copper is via biliary excretion and subsequent elimination in the faeces. Little enterohepatic circulation takes place. 

Adverse effects following exposure via inhalation in humans are likely to be mediated by particle size distribution, exposure intensity and physiological parameters. The LOAEL of 1.14mg /L copper oxychloride based on respiratory effects in acute animal studies is carried forward to the risk characterization.

For acute oral exposure the NOAEL of 4mg Cu/L drinking water is carried forward for risk characterization based on a concentration-dependant increase in symptoms in the gastro-intestinal tract following single oral exposure of humans to copper in drinking water. 

For repeated exposure the NOAEL of 16.3 mg Cu/kg b.w/day from a 90 day rat dietary study with copper sulphate (CuSO4) based on liver, forestomach and kidney effects is used for risk characterization following the application of the 25% absorption factor resulting in a NOAEL of 4.075 mg Cu/kg b.w/day. This value is used for all the copper substances covered by the VRA since it is on a study with copper sulphate which is the most soluble of all the copper substances assessed in this report. The NOAEL values from human studies are regarded as supporting data. Since there are no suitable data from which to derive a chronic NOAEL via inhalation or dermal routes of exposure, route to route extrapolation from the abovementioned dietary study is performed.

Based on the available data copper substances covered by the VRA are not considered mutagenic or carcinogenic. The most reliable data for developmental toxicity indicate that developmental effects occur only in the presence of maternal toxicity, moreover no treatment-related effects with copper sulphate pentahydrate have been observed in a two-generation study. 

For the calculation of the reference Margin of safety (MOSref) the following assessment factors have been used:
· Repeated exposure

MOSref=50 (5x5x2) for workers and 100 (5x10x2) for general population

Interspecies extrapolation 5: In order to address interspecies differences an assessment factor of 5 is used to calculate MOSref. This value comprises an AF of 4 (default allometric scaling factor as specified in the TGD) and an additional factor of 1.25 to account for other interspecies differences. The latter deviates from the default AF of 2.5 specified in the TGD due to similarities between humans and rats with regards to toxicokinetics and the mode of action for copper as indicated by the available data.

Intraspecies extrapolation 5 for workers and 10 for the general population: This factor is specified in the TGD.

Subchronic to chronic extrapolation 2: This factor is specified in the TGD.

· Acute Exposure

Acute Inhalation: MOSref=62.5 (2.5x5x5) for workers 
Interspecies extrapolation 2.5 as specified in the TGD.
Intraspecies extrapolation 5 as specified in the TGD.
LOAEL to NOAEL extrapolation 5 as specified in the TGD.
Acute oral:  MOSref=1 for workers and general population: This MOS is based on a NOAEL derived from a human study, the critical effect is a local effect and the study is considered representative enough to cover the expected inter-individual human variability. The study population from which the NOAEL was identified may be considered as representing a fairly worst case.  With respect to other members of the general population, the available data do not indicate that children are more at risk of acute effects associated with copper.  Therefore no AFs are needed to address uncertainty.

Exposure assessment was performed for workers and for the general population. The processes that have been identified for estimating workers exposure include: Production of copper in massive form including raw material handling; copper smelting and copper refining; melting and casting; further processing; production of copper and copper alloy powders; production of copper chemical compounds. In the calculation of the annual average total absorbed dose from occupational exposure a correction factor of 240/365 was applied to account for the duration of exposure. The use of this correction factor is based on the available animal data which show that with repeated exposure copper accumulates in the liver, the target organ for copper-induced toxicity. The 90-day NOAEL represents continuous exposure, whilst workers are exposed for 5 days/week. This method of calculation follows US EPA practice and is described in the WHO Air Quality Guidelines. For the consumer/general population exposure assessment only repeat dose effects are considered relevant. Consumer exposure is assumed to occur through handling of coins, smoking of cigarettes and use of hair care products and dietary supplements. The major source of exposure for consumers is the use of copper in dietary supplements, moreover the main source of local and regional indirect exposure to copper is through food and drinking water. The TGD methodology for calculating indirect exposure of man via the environment is not applicable to metals and instead published data in conjunction with modeled data using the EUSES model have been used to calculate indirect exposure via the environment. With regards to combined exposure the Reasonable Worst Case (RWC) scenario for workers is derived by combining the RWC occupational exposure with the typical exposure via the local environment and the typical exposure via consumer products. The typical scenario is derived by combining the typical occupational exposure with the RWC exposure via the local environment and RWC exposure via consumer products. 

Risk characterisation for threshold-based toxicological effects is carried out using the Margin of Safety Approach (MOS) as described in the TGD. There is no concern for acute toxicity (conclusion (ii)) for most activities performed during production of copper in massive form, melting and casting, further processing, production of copper powder and copper compounds. There is also no concern for maintenance operations when respiratory protective equipment (RPE) is used. There is concern for acute toxicity (conclusion (iii)) during the bagging operations for the production of copper powder and copper compounds and for melting and casting maintenance operations when RPE is not used. There is no concern for acute dermal toxicity (conclusion ii) for any of the scenarios assessed. 
With regards to repeat exposure for workers no risk is anticipated during smelting, melting and casting, or further processing (conclusion ii). For the production of copper powder for the operation ECI-105 and ECI-106 (no use of RPE) a risk is predicted (conclusion iii) whereas for all the other operations no risk is predicted (conclusion ii). For the copper chemical production no risk is anticipated (conclusion ii). 

Apparent risk scenarios may be partly a function of several uncertainties associated with these estimates including the existence of small datasets in some cases, the absence of data on dermal exposure and absorption of copper, uncertainties in factors that may affect estimates in systemic absorption and uncertainties in the representativeness of the companies for which data are available, to those for which there are no data, especially in the production of copper powders. High exposure may occur in the manufacture of copper powders but considerable scope exists to reduce exposure to control risks.

No risk is anticipated for consumers (conclusion ii) whereas for indirect exposure of the general population through the environment no risk is predicted either for acute or repeated exposure (conclusion ii). No risk is predicted for combined exposure of the general population (including consumer uses) (conclusion ii) whereas for workers risk concerning combined exposure is only anticipated during the production of copper powders for ECI-105 and for ECI-106 without the use of RPE (conclusion iii). 

4. Major Comments on the human health part of the assessment by the TC NES

Comments were received by MS (UK, BE, DK, NL, DE, SE) either in writing or during the discussion at TC NES level. MS commented on the initial classification proposal for copper sulphate for acute inhalation effects and IND provided data from a new inhalation study that indicated that no classification for this endpoint is warranted. 

The dermal absorption from dry exposures and the read across from the exposure assessment in the zinc risk assessment report were discussed and agreed upon. Concerning the oral absorption it was clarified that the 25% value is only applied to the NOAEL from the repeated dose study in animals whereas the human oral absorption value is derived using the relevant formulas on a case by case basis as these are dependent on the level of copper intake.

A number of comments received from the TC NES on the repeated dose toxicity part of the VRA have led to changes in the report. UK expressed concerns linked to evidence of irritation as a local effect for some copper compounds since all the human data is based on oral exposure and there are uncertainties about effects following exposure by inhalation. Initially TC NES was informed that a human volunteer study has been initiated but the results would be available by the end of 2006. ECI informed that the human volunteer study has been interrupted and instead a 90-day inhalation study is ongoing for the purpose of the risk assessment for a number of copper compounds under Directive 98/8/EC. ECI is cooperating with the EU Copper antifouling task force on this project and the results will be taken into account also in the VRA when available. 
With regards to occupational exposure NL commented on the dermal exposure which is based on data available for zinc that was initially incorrectly used in the VRA for copper. IND revised the report and a correction factor of 2.4 was used based on a comparison with data on dermal exposure for nickel, lead and antimony. Twelve correction factors were derived ranging between 2.2 and 8.8. There was no specific influence of the type of metal or scenario. As a conservative estimate of the correction factor to be applied on the cumulative zinc dermal exposure data, the 10th-percentile of the range, which is 2.4, will be used for the dermal exposure to copper powders.
DE asked to use the 90th percentile of the data for estimating combined exposure, including an assumed maximum consumer exposure via dietary supplements. Following the discussion on this point it was agreed to incorporate this approach in the risk assessment for the general population. 

The derivation of the MOSref values was discussed and certain issues were clarified by ECI and the reviewing country Italy. It was agreed to follow the methodology described in the TGD with regard to the intraspecies factor of 5 for workers when extrapolating from animal data. The MOSref of 1 was used for acute effects when considering the general population since it is based on a NOAEL from a human study and no toxicokinetic variation is expected since the NOAEL is based on local effects and the most sensitive gender (females) is covered. 
5. Conclusion

The voluntary risk assessment on copper and copper compounds (CuO, Cu2O, CuSO4 and Cu2Cl(OH)3) (Human Health Part) has been conducted in line with the methodology in the Technical Guidance Documents for the risk assessment of existing substances (TGD). As the TGD methodology for estimating indirect exposure of man via the environment is not applicable to metals , other state of the art methods have been applied for these estimations.
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.
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