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INTRODUCTION

�INTRODUCTION

This report presents the results of the project entitled ‘Assessment of the Risks to Health and to the Environment of Cadmium Contained in Certain Products, and of the Effects of Further Restrictions on their Marketing and Use’.  The project has been undertaken by WS Atkins International Ltd for Directorate General III (DG III) of the European Commission (EC) under contract number ETD/97/500536.

The aim of the project is to investigate the risks to health and to the environment of cadmium contained in certain products and to examine the advantages and drawbacks of further restrictions on their marketing and use.  The products are those involving cadmium as a pigment in polymers, as a stabiliser in PVC and for metal plating.  The project will provide the basis upon which future discussions will be founded on the possible need for further restrictions on the use of cadmium.

The report is divided into two parts:

Part I:  Assessment of the Risks to Health and to the Environment of Cadmium Contained in Certain Products; and

Part II:  Assessment of the Effects of Further Restrictions on the Marketing and Use of Cadmium Contained in Certain Products.

These two parts are followed by overall conclusions for cadmium contained in certain products.
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	�1.	introduction

1.1	Part I of this report provides the findings of the assessment of the risks to health and to the environment of cadmium as a pigment in polymers, as a stabiliser in PVC and in metal plating.

study background

1.2	EC Directive 79/769 is concerned with the approximation of the laws, regulations and administrative provisions of Member States relating to restrictions on the marketing and use of certain dangerous substances and preparations.  This Directive requires  Member States to take all necessary actions to ensure that dangerous substances and preparations listed in Annex 1 of the Directive are adequately controlled.  Subsequent Directives have extended this list, such as EC Directive 91/338 (Tenth Amendment of EC Directive 79/769) which restricts the use of cadmium to colour, stabilise or plate specified products with certain exceptions.  The new Member States currently have derogations relating to EC Directive 91/338.

1.3	The EC wishes to review the content of Directive 91/338 in order to identify whether there is the need for further restrictions on the marketing and use of cadmium used as a pigment, as a stabiliser and for metal plating.  In order to provide a basis on which future discussions concerning the possible need for further restrictions may be founded, the EC initiated this assessment of the risks to health and to the environment of cadmium contained in these products.  The assessment has been conducted according to the principles laid down in the Technical Guidance Document in support of Commission Directive 93/67/EEC on risk assessment for new notified substances and Commission Regulation (EC) No 1488/94 on risk assessment of existing substances (EC 1996a).

1.4	The methods and equations used in the assessment are based on those found in the Technical Guidance Document (EC 1996a) and EUSES, the European System for the Evaluation of Substances (EC 1996b).  The assessment includes consideration of the environmental and health risks associated with each appropriate stage of the life cycle of cadmium in the products, including releases to all environmental media.  In assessing the levels of substance exposure the application of current practice has been assumed.  A wide range of information sources have been utilised for this review including information from: regulatory authorities throughout the European Union (EU), Member States, industry and trade associations, and published literature.

	�2.	cadmium use and emissions

cadmium use

2.1	Cadmium is produced as a by-product of zinc (or occasionally lead) smelting, the cadmium being distilled off during the process, then collected and purified for sale.  The European Union (EU) produces approximately 5500 tonnes of cadmium a year (ERM 1995), and consumes a similar amount (OECD 1995).  Although the net import or export of cadmium for the EU is zero at least some is imported from countries such as Japan (Pearse 1995) and therefore, presumably, the EU exports an equivalent amount.  However, as the net movement of cadmium is negligible this trade is ignored for the purposes of the risk assessment.  Approximately 50 tonnes of cadmium is imported into the EU in plastic products each year (Vonkeman 1996).  This is significantly lower than the estimated 900 tonnes exported from the EU in plastic products (Vonkeman 1996).

2.2	The quantities of cadmium produced are dependent on the zinc industry, and independent of requirements for cadmium.  Consequently any increase in the use of cadmium is only possible if smelting processes produce a surplus.  Similarly any reduction in the use of cadmium will result in no less cadmium being produced from zinc smelting plants.  In the EU the evidence suggests that all cadmium produced from smelting processes is presently consumed.

2.3	Of the 5500 tonnes of cadmium consumed each year, about 1300 tonnes are used in the EU in the manufacture of the cadmium containing products that are considered within this project (Pigment Manufacturers 1997, Stabiliser Manufacturers 1997 and International Cadmium Association 1998).  The remainder is used in the manufacture of nickel-cadmium batteries, various alloys used in a number of electrical and photo-voltaic components, and other minor uses.  Although approximately 1300 tonnes of cadmium are used each year, much of the cadmium is from recycled materials such as process waste and items that have failed quality control.

2.4	The distribution of cadmium consumption in the EU across the three product groups is as follows:

Pigments: 830 tonnes per year (64 per cent of cadmium used in the three product groups) (Pigment Manufacturers 1997);

Stabilisers: 270 tonnes per year (21 per cent of cadmium used in the three product groups) (Stabiliser Manufacturers 1997); and

Plating: 195 tonnes per year (15 per cent of cadmium used in the three product groups) (International Cadmium Association 1998).

2.5	The proportion of cadmium per product group varies considerably in different member states.  The levels of use in member states will depend on the nature of the industries within the countries, the legislative controls on cadmium use and the local demands for the product groups.

physico-chemical properties of cadmium and cadmium compounds

2.6	Many different cadmium compounds are used in the manufacture of the products, or are produced as a by-product of the variety of process and production stages in the lifecycle of the products.  The main cadmium compounds used or produced and their main physico-chemical properties are detailed in Table 2.1.

�Table 2.� SEQ Table \* ARABIC \r 1 �1� - Main physico-chemical properties and registration numbers of cadmium compounds

Substance�Formula�CAS No�EINECS No�EEC No�RMM or RAM�Melting point�Boiling point�VP at 25 °C�Solubility in water��Cadmium�Cd�7440-43-9�231-152-8�048-001-00-5�112.41�320.9 °C�765 °C�NA�Insoluble��Cadmium oxide�CdO�1306-19-0�215-146-2�048-002-00-0�128.41�1500 °C�NA�NA�9.6 mg l-1��Cadmium chloride�CdCl2�10108-64-2�233-296-7�048-008-00-3�183.32�568 °C�900 °C�NA�1400 g l-1��Cadmium sulphide�CdS�1306-213-6�215-147-8�048-010-00-4�144.47�1750 °C�NA�NA�1.3 mg l-1��Cadmium sulphate�CdSO4�10124-36-4�233-331-6�048-009-00-9�208.47�1000 °C�NA�NA�755 g l-1��Cadmium laurate�CdC24H46O4�2605-44-9�NA�NA�512.41�NA�NA�NA�NA��Cadmium  stearate�CdC36H70O4�2223-93-0�NA�NA�680.41�NA�NA�NA�NA��Cadmium sulpho-selenide�CdS(1-x)Sex�orange: 12656-57-4 red:    58339-34-7�235-758-3�-�Variable�NA�NA�NA�Insoluble��Cadmium zinc sulphide�Cd(1-x)ZnxS�8048-07-5�232-466-8�-�Variable�NA�NA�NA�Insoluble��Cadmium mercury selenide�Cd(1-x)HgxS�1345-09-1�215-717-6�-�Variable�NA�NA�NA�Insoluble��

cadmium production

2.7	Zinc ore (zinc sulphide) is geologically associated with cadmium ore (cadmium sulphide), which is one of the impurities removed during the refining of zinc.  This is the only major source of commercial cadmium as cadmium ore does not exist in sufficient concentrations to be processed independently of other metals.

2.8	Emissions of cadmium to air and into the waste water stream from the refining of zinc and the production of cadmium are independent of the demand for cadmium for the product groups.  Consequently if demand for cadmium dropped, in the event of tighter legislation for example, the total emission of cadmium from zinc refining would not be altered.  Therefore, regardless of the size of emissions from refining, cadmium emissions at this stage can be excluded from the risk assessment of cadmium for the product groups.  This approach has been considered by others, for example Guinée et al. (1997) stated that it was debatable whether the emissions from zinc refining should be allocated to cadmium applications.

cadmium pigment production

Introduction

2.9	There are at present five cadmium pigment manufacturers in the EU; two in the UK and one each in France, Germany and Spain.  The processing facilities all use similar production methods and abatement/effluent treatment technologies (International Cadmium Association 1997).

2.10	Cadmium pigments are used in three main media:

glass, ceramics and enamels; 

specialist artists paints; and

plastics.

2.11	The greatest proportion (about 90 per cent) of the pigments are used in plastics (International Cadmium Association 1997) and consequently the study will focus on this usage.  The remaining 10 per cent is split roughly equally between paints and glassware, etc.

2.12	Cadmium pigments are based on cadmium sulphide, which is itself a high purity chemical used mainly for additions to molten glass to provide an amber coloured product.  Cadmium sulphide is in a cubic crystalline state, has a small particle size and a very low aqueous solubility.  It should be noted that its solubility remains low at all acidities, even down to pH 1.  Cadmium pigments are based on cadmium sulphide, but this is calcined at about 600(C to give a hexagonal crystalline lattice, an increased particle size, and an almost negligible aqueous solubility.  Cadmium pigments also remain essentially insoluble at all acidities, even down to pH 1.  A wide range of colours are achieved by additions of zinc, selenium or mercury during the production, prior to calcination.  These additions are incorporated into the crystal lattice during calcination giving a series of inter-crystalline compounds of either cadmium-zinc-sulphide, cadmium-mercury-sulphide or cadmium-sulpho-selenide.  Zinc and mercury partially substitute for cadmium in the lattice, whilst selenium partially substitutes for sulphur.  Zinc additions give greener shades of yellow pigments, whilst increasing selenium and mercury additions give first orange, then red and eventually maroon pigments.  Consequently the use of cadmium pigments for safety reasons is significant, as they are of suitable colours and they retain their brightness and opacity under unfavourable conditions such as high temperatures.

Pigment preparation

2.13	For the preparation of cadmium sulphide, cadmium is first treated with acid in a discontinuous batch process to form cadmium sulphate solution.  Cadmium sulphide is then produced in a discontinuous batch process by precipitation from aqueous solutions of cadmium sulphate and sodium sulphide.  Once precipitation is complete, soluble salts and water are removed by a filtration step which is followed by a drying stage.

2.14	For the preparation of cadmium pigments, the first stage is the same as that described above.  Cadmium sulphide is then produced in a discontinuous batch process by precipitation from aqueous solutions of cadmium sulphate, zinc sulphate, selenium and sodium sulphide.  When the precipitation is complete, soluble salts and water are removed by a filtration step followed by a drying stage.  The dry material is heated to about 600 (C, and is then acid washed to remove soluble salts.  After a second drying stage, the material is blended, with the addition of barium sulphate if required, and then packed.  During the processing all residues are treated to reduce their cadmium content, the recovered cadmium being recycled.

Pigment use

2.15	After manufacture, pigments are added to the plastic media during their formulation.  This means that the pigment is mixed into the plastic (or other medium) rather than simply being applied to the surface.

�Losses of cadmium to the environment

Gaseous emissions

2.16	Gaseous emissions arising from pigment manufacture are filtered prior to release to the environment.  Particular sources of emissions are the drying operations.  Cadmium is in the form of cadmium sulphide with a lesser amount of cadmium selenide and is associated with particulate matter.  The dusts collected in the filters are recycled within the production process.

Liquid effluent

2.17	Liquid effluent from pigment manufacture is treated prior to release to the environment (Pigment Manufacturers 1997)  This treatment usually involves the addition of sodium carbonate at alkaline pH to precipitate cadmium, followed by filtration.  The solid component is then recycled in the plant or by an external metal processing facility.  Cadmium is essentially dissolved in the remaining effluent which is then discharged to watercourses.

Solid waste

2.18	The two main forms of solid waste containing cadmium arising from pigment manufacture are sludge arising from the process itself and contaminated packaging.  Sludge is recycled either internally or by an external metal processing facility as it contains significant amounts of cadmium that can be re-used (Pigment Manufacturers 1997).  The contaminated packaging is sent for disposal as hazardous waste to controlled landfill.  Any other wastes are washed before disposal and are unlikely to contain more than very trace amounts of cadmium.  Therefore contaminated packaging constitutes the only loss of cadmium in solid waste.

Total losses

2.19	Total losses of cadmium to the environment from pigment manufacture are shown in Table 2.2.  These losses are obtained from the data provided by industry which are shown in Appendix A.

�Table 2.� SEQ Table \* ARABIC �2� - Annual losses of cadmium during pigment manufacture



Cd to air

(kg a-1)�Cd to watercourses

(kg a-1)�Cd to sewer

(kg a-1)�Cd in solid waste

(kg a-1)��11.9�24.8�0�554��

2.20	The losses of cadmium to the environment from the use of pigments are negligible compared with the losses from a single pigment preparation facility (Bridge 1997).  The losses are considered to be so insignificant that there is no need to estimate them (Bishop 1998).

cadmium stabiliser production

Introduction

2.21	Plastic stabilisers are used to prevent PVC from degrading whilst in use. Cadmium is not used on its own but normally as a cadmium/barium/lead mixture for rigid PVC.  Cadmium stabilisers are long chain fatty acid salts (soaps) of the metal with the organic component being either laurate or stearate.  In 1996 the production of cadmium stearate amounted to 288 tonnes, whilst for cadmium laurate it amounted to 985 tonnes (Donnelly 1997).  The stabilisers are particularly good at preserving the integrity of PVC under conditions where weathering might normally take place, such as the external environment where the PVC is exposed to ultra-violet light, or in situations where the PVC is likely to be exposed to heat.

2.22	There are six facilities manufacturing cadmium stabilisers in the EU; two in each of Germany and Italy and one in each of Austria and Spain.  Only solid form stabilisers including cadmium are used in Europe; liquid form stabilisers no longer contain cadmium.  The main use of PVC stabilised with cadmium in Europe is in rigid profiles which can be used in windows and other building applications.

Stabiliser preparation

2.23	The solid stabilisers are produced by reacting cadmium oxide with the fatty acid to produce the salt plus water.  This process is undertaken in a closed system and may involve the use of a high speed blender.  The resultant salt precipitates out of solution and is washed and dried.  This is followed by milling, blending and packing.  The blends are frequently packaged into small bags to be thrown directly into the PVC mixing plant (Bredereck 1983).

Stabiliser use

2.24	Stabilisers are mixed with other additives, such as pigments and then added to the PVC during processing.  The additives are blended into PVC in enclosed mixers at temperatures of up to 120 (C and the resultant PVC powder compound is extruded at 200 - 220 (C to produce either the final window profile or the fully gelled PVC pellets which are then re-extruded elsewhere to produce window profiles.

Losses of cadmium to the environment

Gaseous emissions

2.25	Gaseous emissions from stabiliser manufacturing are filtered to remove particulates prior to release to the environment.

Liquid effluent

2.26	Liquid effluent arises from processing streams at various stages of the process.  All the effluent from these stages is collected and treated with sodium carbonate at alkaline pH to precipitate cadmium.  Filter aids and flocculating agents may then be added.  The sludge is then filtered from the solution.  As the only form of solid waste that arises from the production of stabilisers is contaminated packaging (Donnelly 1997) it is assumed that the sludge is recycled either internally or by an external metal processing facility.  The filtrate is mixed with sulphuric acid to obtain a neutral pH prior to discharge to the environment (Stabiliser Manufacturers 1997).  Cadmium in the form of Cd2+ ions is essentially dissolved in the remaining effluent which is discharged either to watercourses or to sewer.

Solid waste

2.27	Solid waste consists of contaminated packaging that is sent for disposal as hazardous waste to controlled landfill.

�Total losses

2.28	Losses of cadmium to the environment from stabiliser manufacture are shown in Table 2.3.  These losses are obtained from the data provided by industry shown in Appendix A.

Table 2.� SEQ Table \* ARABIC �3� - Annual losses of cadmium during stabiliser manufacture



Cd to air

(kg a-1)�Cd to watercourses

(kg a-1)�Cd to sewer

(kg a-1)�Cd in solid waste

(kg a-1)��2.23�0.81�4.7�9320��

2.29	Table 2.3 also includes losses of cadmium to the environment during the mixing of stabilisers.  These losses occur only as solid waste.  Losses of cadmium from the manufacture of cadmium oxide, the starting material for the manufacture of cadmium stabilisers, occur only to air and are negligible compared with the losses to air from a single pigment manufacturing plant (Harrison 1997).  Therefore the losses of cadmium from the manufacture of cadmium oxide are negligible compared with the losses from stabiliser manufacture.

2.30	The losses of cadmium to the environment from the use of stabilisers are assumed to be negligible compared with the losses of cadmium from a single stabiliser preparation facility (Stabiliser Manufacturers 1997).

cadmium plating

Introduction

2.31	Cadmium plating affords corrosion resistance to metals such as iron, steel, brass and aluminium in marine and alkaline environments.  The plating is preferentially corroded if the protective cadmium oxide film on the metal surface is damaged, thereby continuing to protect the underlying metal.  The cadmium coating also has good lubricity, predictable torque characteristics, and electrical conductivity.  Consequently, cadmium coatings are used in high stress marine and alkaline environments, where reliability or electrical conductivity is important and conditions are likely to be corrosive or potentially damaging.  The main fields of application are for bolts, other fasteners and electrical and electronic applications in the aerospace and defence industries where component failure would be a safety issue.  In the automotive industry the remaining applications are for critical safety related uses such as disk brakes and steering columns.

2.32	It is not known how many plating shops in the EU produce cadmium coated products.  Many producers of aerospace or defence equipment have in-house plating facilities, and many metal finishing companies have cadmium plating capabilities.

Plating solution preparation

2.33	Plating solutions can be prepared from both cadmium metal and cadmium oxide.  These solutions are of several different types (Morrow 1996), including alkaline cyanide, acid sulphate, neutral chloride and acid fluoroborate baths.  Concentrations and additives may vary widely to optimise the coating for each particular application.

Plating operation

2.34	The operation of the electroplating bath is dependent on the type of plating solution used, the configuration of the item to be plated and whether bright or dull finishes are required.  Heating of the plating bath may occur due to the passage of high currents, and therefore cooling may be required.

Losses of cadmium to the environment

Gaseous emissions

2.35	Gaseous emissions from cadmium plating processes are negligible.

Liquid effluent

2.36	Waste plating solution and washing water are treated by one of several possible techniques to remove cadmium.  Typical concentrations of cadmium in the treated effluent are in the range 0.005 - 0.01 mg l-1 (International Cadmium Association 1998).  It has been assumed that the treated effluent is then discharged to sewer, this is always the case in the UK (Bennett 1997).  Cadmium removed from the effluent joins the solid waste as an electroplating sludge.

Solid waste

2.37	Solid wastes from plating processes consist of a variety of residual sludge and sludge generated in the treatment of plating solutions.  These solid wastes are recycled or landfilled in hazardous waste landfills.  A minimum of 30 per cent of the solid waste is estimated to be recycled (International Cadmium Association 1998).

Total losses

2.38	The total losses of cadmium to the environment from plating processes are shown in Table 2.4.  The figure for cadmium losses to sewer is obtained from OECD (1995), whilst the figure for cadmium in solid waste is 70 per cent of the value of 4800 kg a-1 quoted in OECD (1995), thereby assuming that 30 per cent is recycled.

Table 2.� SEQ Table \* ARABIC �4� - Annual losses of cadmium from plating processes



Cd to air�Cd to watercourses

(kg a-1)�Cd to sewer

(kg a-1)�Cd in solid waste

(kg a-1)��negligible�0�250�3360��

cadmium product use

Cadmium pigmented plastics and cadmium stabilised PVC

2.39	The lifespan of PVC stabilised using cadmium stabilisers is on average 20 years (Austrian Federal Ministry of the Environment 1996).  It is assumed that plastics containing cadmium pigments also have a lifespan of this length as cadmium is only used where safety and reliability are important, indicating that long lifespans can be expected.

2.40	Wilson et al. (1982) studied the leaching of cadmium from pigmented plastics.  The results indicated that there would not be a significant contribution from pigmented plastics to the release of cadmium in landfill leachate.  Therefore the leaching of cadmium from pigmented plastics during their use is expected to be small.

2.41	Leaching experiments involving cadmium stabilised window frames (Bredereck 1983) have shown that only 1.2 mg of cadmium was solubilised from a 10 kg frame over a one year period during which the frame was immersed in a 3 per cent acetic acid solution.  In fact all the leaching took place in the first four to six weeks (Donnelly 1995).  Assuming 800000 tonnes of window frames contain approximately 2000 tonnes of cadmium (Bredereck 1983), the 10 kg window frame will contain 0.025 kg of cadmium.  Therefore the 1.2 mg of cadmium leached from the window frame is only 0.0048 per cent of the total cadmium.  These results agree with the laboratory results of Griebenow et al. (1992) who determined that PVC moulded parts in building debris exhibit almost no bleeding of heavy metal stabilisers.

2.42	Research is currently being undertaken concerning the investigation of total releases of cadmium during the use of plastic products (Bergbäck 1997), but at present there are few data to support the quantification of such releases.  Therefore the results obtained from the experiments of Bredereck (1983) are used to estimate the quantity of cadmium leached from plastics containing cadmium pigments and PVC stabilised with cadmium stabilisers.  Assuming that 0.0048 per cent of the total cadmium present in plastics and PVC will leach during the first year of their use and employing 830 and 270 tonnes per year respectively as the quantities of cadmium used in these product groups, the quantities of cadmium leaching from pigmented plastics and stabilised PVC will be 40 and 13 kg respectively.  These losses are assumed to occur to soil, where the cadmium is assumed to be present as cadmium oxide.

Cadmium plated metal

2.43	When subjected to abrasive conditions cadmium plated metal releases cadmium to the environment as cadmium oxide associated with particulate matter (IPCS 1992a).  It is estimated that up to 50 per cent of cadmium coating will be removed over the lifetime of a product, which is about 10 to 25 years (Morrow 1996).  The estimate of 50 per cent loss relates to cadmium plated products in abrasive conditions, whilst cadmium plated products in non-abrasive conditions will loose almost no cadmium.  Therefore it is assumed that an average of 25 per cent of the cadmium coating will be lost over the lifetime of the products.  It is estimated that 195 tonnes of cadmium were consumed in plating in the EU in 1996 (Morrow 1998).  Based on this estimate the loss of cadmium per year from plated products will be 49 tonnes.  The cadmium is assumed to be distributed between the marine and the non-marine environment in the ratio of the areas of the marine and non-marine environment within the EU.  The marine area is taken to be equal to the sum of the Baltic, North, Mediterranean and Black Seas i.e. 3.96 x 106 km2, whilst the non-marine area is taken to be 3.56 x 106 km2 (EC 1996b).  Therefore 23  tonnes of cadmium per year are distributed to the non-marine environment, and this is assumed to be distributed between watercourses and soil as 3 per cent to watercourses and 97 per cent to soil (EC 1996a).

2.44	The total losses of cadmium to the environment during product use are shown in Table 2.5.

Table 2.� SEQ Table \* ARABIC �5� - Annual losses of cadmium during product use



Product�Cd to watercourses

(t a-1)�Cd to soil

(t a-1)��Pigmented plastics�0�0.040��Stabilised PVC�0�0.013��Plated metal�0.69�22.3��

cadmium waste

Introduction

2.45	There are five types of cadmium bearing waste resulting from the products:

plastic products for disposal - which will end up in the municipal waste stream;

stabilised PVC products for disposal - which will end up in landfill with construction and development waste;

solid waste from production processes - which will end up in hazardous waste landfill;

cadmium plated metal products - which are either recovered or disposed of to landfill (OECD 1995); and

liquid effluent from production processes - which is released to surface waters or to sewers.

Municipal waste

2.46	Most uses of plastic containing cadmium stabilisers or pigments are in situations where the product will be disposed of through the municipal waste stream.  Table 2.6 illustrates the percentage of municipal waste that is incinerated for various countries in the EU, and with the application of the assumption that all waste that is not incinerated is landfilled, also provides the total waste quantities disposed of by both routes.

Table 2.� SEQ Table \* ARABIC �6� - Use of incineration and landfill for municipal waste in the EU



Country�Percentage of waste incinerated�Amount incinerated

(Mt waste a-1)�Amount to landfill

(Mt waste a-1)�Total waste

(Mt waste a-1)��Denmark�65�1.7�0.9�2.6��France�42�7.6�10.5�18.1��Great Britain�7�2.5�33.2�35.7��Italy�18�2.7�12.3�15��Netherlands�40�2.8�4.2�7.0��Spain�6�0.7�11.0�11.7��Sweden�55�1.8�1.5�3.3��Total�21�19.8�73.6�93.4��Source: Pearse (1995)

2.47	It is therefore assumed that approximately 20 per cent of municipal waste in the EU is incinerated and 80 per cent disposed of to landfill.  The countries listed in Table 2.6 contain approximately 65 per cent of the population of the EU, therefore it is assumed that the total amount of municipal waste disposed of in the EU each year is 145 million tonnes.

2.48	Data from the Netherlands (Pearse 1995), provides concentrations of cadmium in various fractions of municipal waste.  These data are illustrated in Table 2.7.  A weighted average of cadmium in the fractions gives an average cadmium concentration resulting from pigment and stabiliser containing products in municipal waste.

Table 2.� SEQ Table \* ARABIC �7� - Cadmium in municipal waste



Component�Percentage of waste�Cadmium concentration

(mg kg-1)��Plastic (stabilisers and pigments)�8-12%�38.8��Glass (pigments)�7-14%�1.0��Ceramics (pigments)�1.5-2.6%�34.1��Total for cadmium products�28.6%�20��Total for waste�100%�5.7 mg Cd kg-1 of waste��Note: In calculating totals the upper limit of the percentage range has been used.  This concentration represents 75 per cent of cadmium contained in municipal waste the remainder being in a variety of items not of interest to this study such as batteries and trace cadmium in food etc.

Source: Pearse (1995)

2.49	Estimates for Austrian municipal waste state that it contains a mean of 10 mg Cd kg-1 (Austrian Federal Ministry of the Environment 1996).  If it is assumed that the contribution of cadmium from pigment and stabiliser containing products to the total cadmium in the wastes in these regions is the same as for Dutch municipal waste, then this indicates concentrations of cadmium from pigment and stabiliser containing products of 7.5 mg Cd kg-1 in Austria.  Eggenberg and Waber (1997) estimated an average cadmium composition in municipal solid waste with low metal content, as in Germany and the UK, of 10 mg kg-1.  This study will assume that, for the EU, 7.5 mg Cd kg-1 is a reasonable worst case for cadmium from pigment and stabiliser containing products in municipal waste.

2.50	Consequently, applying the figure of 145 million tonnes of municipal waste disposed of in the EU each year and the concentration of 7.5 mg Cd kg-1 in the waste, then the total amount of cadmium from products containing pigments and stabilisers disposed of in municipal waste in the EU is 1090 tonnes per year in a reasonable worst case scenario. Applying the ratio of 20 per cent of the waste being incinerated and 80 per cent being landfilled, the figures of 218 tonnes of cadmium incinerated and 872 tonnes landfilled each year are obtained.

2.51	Assuming that the amount of cadmium in waste can be distributed between pigments and stabilisers in the ratio of the current amounts of cadmium consumed for these two product groups; 830 tonnes and 270 tonnes respectively, then the quantities of cadmium disposed of in municipal waste shown in Table 2.8 are obtained.

Table 2.� SEQ Table \* ARABIC �8� - Annual disposals of cadmium within products in municipal waste



Product group�Cd incinerated

(t a-1)�Cd to landfill

(t a-1)�Total Cd

(t a-1)��Pigments�164�658�822��Stabilisers�54�214�268��Pigments and stabilisers�218�872�1090��

Construction and demolition waste

2.52	Construction and demolition waste will contain quantities of cadmium stabilised PVC.  It is assumed that this waste will be disposed of to landfill sites reserved for the receipt of such waste.

Solid waste from production processes

2.53	Solid waste from production processes (contaminated packaging and sludge) is hazardous waste and will be disposed of in controlled landfill.  Therefore the quantities of cadmium shown in Table 2.9 are obtained.

�Table 2.� SEQ Table \* ARABIC �9� - Annual disposals of cadmium in solid waste from production processes



Product group�Total Cd

(kg a-1)�Cd incinerated

(kg a-1)�Cd to controlled landfill

(kg a-1)��Pigments�554�0�554��Stabilisers�9320�0�9320��Plating �3360�0�3360��

Cadmium plated metallic waste

2.54	As has already been discussed, it is estimated that 25 per cent of the cadmium coating is removed from the surface of plated products whilst they are in use over an average lifetime of 10 to 25 years (Morrow 1996).  It is likely that at least 30 per cent (International Cadmium Association 1998) of the remaining 75 per cent will be recycled.  In the absence of data concerning the amount of cadmium in scrap cadmium plated metal that is disposed of to landfill on an annual basis, it is assumed that this is equivalent to 70 per cent of 75 per cent of current annual consumption of cadmium for metal plating.  Therefore the quantity of cadmium shown in Table 2.10 is obtained.

Table 2.� SEQ Table \* ARABIC �10� - Annual disposals of cadmium in cadmium plated metallic waste



Product group�Cd to landfill

(t a-1)��Plating�102��

Cadmium to sewer and in waste water treatment plants

2.55	Cadmium released to sewer will enter waste water treatment plants.  Compounds entering a waste water treatment plant will be released to air, will remain in water or will be retained in the sewage sludge.  The sewage sludge will then be applied to land as a fertiliser, or disposed of by incineration or to landfill.  It is assumed that no cadmium is emitted to air from sewage treatment.  The distribution of cadmium between water and sludge in sewage treatment is estimated to be about 90 per cent to sludge and 10 per cent to water (Lester et al. 1979).  The routes for disposal of sewage sludge in various EU Member States are summarised in Table 2.11.

�Table 2.� SEQ Table \* ARABIC �11� - Sewage sludge disposal in the EU



State�Total�Agriculture�Landfill�Incineration�Seaa�Otherb���Kt�%�Kt�%�Kt�%�Kt�%�Kt�%�Kt�%��Austria�170�2.3�30.6�18�59.5�35�57.8�34�-�-�22.1�13��Belgium�59.2�0.8�17.2�29�32.5�55�8.9�15�-�-�0.6�1��Denmark�170�2.3�92�54�34�20�40.9�24�-�-�3.4�2��Finland�150�2.0�37.5�25�113�75�-�-�-�-�-�-��France�865�11.7�502�58�234�27�130�15�-�-�-�-��Germany�2681�36.6�724�27�1448�54�375�14�-�-�134�5��Great Britain�1107�15.0�488�44�88.6�8�77.4�7�322�29�121�11��Greece�48.2�0.7�4.8�10�43.4�90�-�-�-�-�-�-��Ireland�36.7�0.5�4.4�12�16.1�45�-�-�12.8�35�2.9�8��Italy�816�11.0�269�33�449�55�16.2�2�-�-�81.6�10��Luxembourg�8�0.1�1�12�7�88�-�-�-�-�-�-��Netherlands�335�4.5�87�26�171�51�10�3�-�-�67�20��Norway�95�1.3�53.2�56�41.8�44�-�-�-�-�-�-��Portugal�25�0.3�2.7�11�7.3�29�-�-�0.5�2�14.5�58��Spain�350�4.7�175�50�123�35�17.5�5�35�10�-�-��Sweden�200�2.7�80�40�120�60�-�-�-�-�-�-��Switzerland�270�3.7�122�45�81�30�67.5�25�-�-�-�-��Total�7387�100�2690�36.4�3068�41.5�801�10.8�370�5.0�447�6.1��Notes:  a: The dumping of sewage sludge at sea will cease by 31 December 1998 under the Directive 	on the Treatment of Urban Wastewater.  It is assumed that in the future sludge disposed 	of in this manner will be used for agricultural purposes.

	b: Includes forestry and recultivation, except in Portugal where the sludge is disposed of in 	surface waters.  This sludge is considered as being used for agricultural purposes.

Source: Matthews (1996)

2.56	On the basis of the information in Table 2.11 it is assumed that 47.5 per cent of sewage sludge will be used for agriculture, 41.5 per cent will go to landfill and 10.8 per cent will be incinerated.  Therefore cadmium from sewage treatment is assumed to be distributed in the following manner: 10 per cent to watercourses, 43 per cent to agriculture, 37 per cent to landfill and 10 per cent to incineration.  On this basis the annual disposals of cadmium in sewage shown in Table 2.12 are obtained.

Table 2.� SEQ Table \* ARABIC �12� - Annual disposals of cadmium in sewage



Product group�Total Cd to sewer

(kg a-1)�Cd to watercourses

(kg a-1)�Cd to agriculture

(kg a-1)�Cd to landfill

(kg a-1)�Cd to incineration

(kg a-1)��Stabilisers�4.7�0.47�2.02�1.7�0.47��Plating�250�25�108�93�25��

Cadmium in municipal waste incinerators

2.57	Cadmium in municipal waste incinerators is associated with particulates, and is mostly retained in pollution control equipment in the incinerator stacks.  Table 2.13 illustrates the cadmium retention efficiencies of municipal incinerators in a number of EU Member States.

Table 2.� SEQ Table \* ARABIC �13� - Cadmium retention efficiencies in municipal incinerators



Country�Cd retention efficiency��Austria�99 %��Belgium�85 %��Denmark�99 %��Netherlands�90 %��Sweden�99 %��Switzerland�95 %��Source: Pearse (1995)

2.58	Countries such as Austria and Sweden use state of the art abatement technology, consequently almost all cadmium is retained, in many cases greater than 99 per cent retention being achieved. In Member States where less efficient technology is used lower retention is observed. Table 2.13 indicates an average retention efficiency for cadmium of 95 per cent.  Currently all new municipal waste incinerators and all existing municipal waste incinerators with a capacity greater than or equal to 6 tonnes hour-1 must comply with the emission limit specified in Directive 89/269/EEC.  Municipal waste incinerators with a capacity of less than 6 tonnes hour-1 are extremely rare.  In order to achieve the specified emission limits a cadmium retention efficiency in the order of 95 per cent is required (Chatterton 1998).  On this basis a reasonable worst case retention efficiency for cadmium in incinerators of 95 per cent has been employed.

2.59	The International Ash Working Group (IAWG) has estimated (IAWG 1994) that 15.3 per cent of the cadmium retained in the incinerator will be found in grate and boiler ash (hereafter called bottom ash) whilst the remaining 84.7 per cent will be found in fly ash and air pollution control system residue (hereafter called fly ash).  Therefore employing 95 per cent retention efficiency in incinerators, 15 per cent of the cadmium introduced into the incinerator will be found in bottom ash, 80 per cent in fly ash and 5 per cent will be released to air.  In Europe bottom ash is predominantly disposed of to a monofill compartment within a landfill site because it is not recommended to mix incinerator residues with untreated municipal solid waste (IAWG 1994).  Fly ash, because of the high concentrations of metals and organic species is classified as a hazardous waste (Burnley 1997) and it is usually disposed of to total containment (or controlled containment and leachate collection) (IAWG 1994).  On this basis the annual disposals of cadmium due to incineration are shown in Table 2.14.

Table 2.� SEQ Table \* ARABIC �14� - Annual disposals of cadmium due to incineration



Product group�Total Cd to incineration

(t a-1)�Cd to monfill landfill

(t a-1)�Cd to controlled landfill

(t a-1)�Cd to air

(t a-1)��Pigments�164�24.6�131�8.2��Stabilisers�54�8.1�43�2.7��Plating�0.025�0.0038�0.02�0.0013��

Summary of cadmium losses

2.60	On the basis of the preceding information, Tables 2.15 and 2.16 provide summaries of the annual losses of cadmium from the products to environmental compartments and to various landfills respectively.  These annual losses describe the current situation.  For Table 2.15 data for cadmium to air are obtained by summing the data in Tables 2.2, 2.3, 2.4 and 2.14, for cadmium to watercourses by summing the data in Tables 2.2, 2.3, 2.4, 2.5 and 2.12, for cadmium to soil from Table 2.5, and for cadmium to agriculture from Table 2.12.  For Table 2.16 data for cadmium to landfill are obtained by summing the data in Tables 2.8, 2.10 and 2.12, for cadmium to controlled landfill by summing the data in Tables 2.9 and 2.14, and for cadmium to monofill landfill from Table 2.14.

Table 2.� SEQ Table \* ARABIC �15� - Summary of annual losses of cadmium from the products to environmental compartments



Product group�Cd to air

(t a-1)�Cd to watercourses

(t a-1)�Cd to soil

(t a-1)�Cd to agriculture

(t a-1)��Pigments�8.2�0.025�0.040�0��Stabilisers�2.7�0.0013�0.013�0.002��Plating�0.0013�0.72�22�0.108��

Table 2.� SEQ Table \* ARABIC �16� - Summary of annual losses of cadmium from the products to various landfills



Product group�Cd to landfill

(t a-1)�Cd to controlled landfill

(t a-1)�Cd to monofill landfill

(t a-1)��Pigments�660�130�25��Stabilisers�210�52�8.1��Plating�100�3.4�0.0038��

2.61	In addition to the data shown in Table 2.16 there will be disposals of cadmium stabilised PVC to construction and demolition waste containing landfills.

2.62	For losses to air (Table 2.15), the majority of the cadmium is in the form of cadmium oxide.  In the case of losses to watercourses (Table 2.15), for pigments and stabilisers the cadmium is in the form of Cd2+ ions whilst for plating the cadmium is in the form of cadmium oxide.  In the case of losses to soil (Table 2.15), the cadmium is in the form of cadmium oxide.  For losses to agriculture (Table 2.15), the majority of the cadmium is assumed to be in the form of carbonate and sulphide (Davis and Coker 1980).

2.63	In the case of disposals to landfill (Table 2.16), for pigments and stabilisers the cadmium is incorporated into plastics whilst for plating the cadmium is in the form of coating on metal products.  In the case of disposals to controlled landfill (Table 2.16), for pigments and stabilisers the majority of the cadmium is in flyash whilst for plating the majority of cadmium is in plating sludge.  For disposals to monofill landfill (Table 2.16), all the cadmium is in bottom ash.

2.64	Tables 2.15 and 2.16 provide data for the current losses of cadmium from the products to environmental compartments and to various landfills.  In the past the losses will have been greater because of less strict regulation of industry and a greater consumption of cadmium across the three product groups.  In the future the losses associated with the disposal of cadmium pigmented plastics, stabilised PVC and plated metal will decline due to the long lifespan associated with the products.

2.65	ERM (1990) have provided estimates of the total emissions of cadmium associated with: the manufacturing and use of pigments, stabilisers and cadmium plate, and solid wastes; and all activities emitting cadmium (including natural sources).  It should be noted that the description ‘solid wastes’ is extremely broad.  The estimate for air for the total emissions from the former category is 28 t a-1, with the emission from solid wastes being atmospheric emissions from incinerators, whilst for the latter category the estimate is 168 t a-1.  Hence the emssions for the former category constitute approximately 17 per cent of the emissions for the latter category  The emissions for the former category are approximately 2.5 times the value for the total losses to air shown in Table 2.15.





2.66	The estimate for water for the total emissions from the former category is 42 t a-1, with the emission from solid wastes being zero, whilst for the latter category the estimate is 124 t a-1.  Hence the emissions for the former category constitute approximately 34 per cent of the emissions for the latter category  The emissions for the former category are approximately 42 times the value for the total losses to water shown in Table 2.15.

2.67	The estimate for land for the total emissions from the former category is 2651 t a-1 whilst for the latter category the estimate is 4695 t a-1.  Hence the emissions for the former category constitute approximately 56 per cent of the emissions for the latter category  The emissions for the former category are approximately twice the value for the total losses to soil, agriculture and landfill shown in Tables 2.15 and 2.16.

2.68	It should be noted that the data presented by ERM derive from at least six years prior to the date for the losses provided in Tables 2.15 and 2.16, therefore the greater emissions provided by ERM are not surprising.  However the comparisons suggest that the total losses from pigments, stabilisers and plating shown in Tables 2.15 and 2.16 cannot represent greater than 50 per cent of the total losses of cadmium from all activities emitting cadmium (including natural sources).

	�3.	cadmium in the environment

3.1	Cadmium is a metal that belongs to Group IIB of the periodic table.  Although cadmium is a non-essential element it is naturally occurring and is therefore present in the environment at background concentrations.

Background concentrations

3.2	The background concentrations of cadmium are summarised in Table 3.1.  The natural concentration of cadmium especially in soils and sediments can vary considerably due to local geochemical conditions.  However, the data shown in Table 3.1 provide reasonable indications of natural concentrations of cadmium in the EU.



�Table 3.� SEQ Table \* ARABIC \r 1 �1� - Background cadmium concentrations



Medium�Site type or regional location�Concentration��Crustal abundance�Mean in rocks�0.1 - 0.2 mg kg-1 dw��Sediment�Marine sediment�0.05 - 0.5 mg kg-1 dw���River / lake sediment�0.2 - 0.6 mg kg-1 dw���Marine phosphates�Up to 15 mg kg-1 dw��Soil�Normal soil�From 0.01 mg kg-1 dw adopted value 0.8 mg kg-1 dw���Volcanic soil�Up to 4.5 mg kg-1 dw���Soil above ore bodies or black shale�Up to 200 mg kg-1 dw��Water�Ground water�0.6 �ng l-1���Surface water�5 - 10 ng l-1��Atmosphere�Background�0.1 - 0.3 ng m�3��Crops�Background�Less than 60 (g kg-1 fw��Fish�Background�1 - 20 (g kg-1 fw��Source: ECB (1996), Hutton (1996), Jackson and Alloway (1992), OECD (1995), Parkman et al. 	(1997), Pearse (1995), Coughtrey and Thorne (1983) and Dorgelo (1998)



EXISTING concentrations

3.3	Due to historical and present activity in the non-ferrous metals sector, and previous consumption of cadmium, many parts of the EU have cadmium concentrations above background.  In most cases this is through the smelting of non-ferrous metals, but in some cases it is through mining activity, such as at Shipham in the UK.  Existing concentrations of cadmium in the EU are summarised in Table 3.2.

�Table 3.� SEQ Table \* ARABIC �2� - Existing cadmium concentrations



Medium�Location / type�Cadmium concentration��Sediment�Alpine lake sediment�0.15 - 2.5 mg kg-1 dw���Lake sediment�0.05 - 0.5 mg kg-1 dw���River sediment�0.6 - 15 mg kg-1 dw���Mining area (Sweden)�14 - 120 mg kg-1 dw��Soil�All soils (average)�0.06 - 0.5 mg kg-1 dw���Agricultural soil (average)�0.06 - 0.7 mg kg-1 dw���Acid forest soils�50th%ile: 0.64 mg kg-1 dw 95th%ile: 1.27 mg kg-1 dw���Mining area (Shipham, UK)�Mean: 97 mg kg-1 dw  Worst: 360 mg kg-1 dw���Industrial area (Kempen)�1.8 - 67 mg kg-1 dw��Water�Groundwater�0.006 - 25 (g l-1���Lakes�0.005 - 0.035 (g l-1���Rivers�0.01 - 0.5 (g l-1 ��Atmosphere�Remote�0.1 ng m-3���Rural�0.1 - 0.5 ng m-3���Urban�5 - 10 ng m-3���Industrial�11 - 60 ng m-3��Source: ECB (1996), Hutton (1996), Jackson and Alloway (1992), OECD (1995)



�behaviour in, and transfer Between, Environmental compartments

3.4	The summaries of losses of cadmium from products to environmental compartments and landfill provided in Section 2 show the immediate destinations of cadmium derived from the products.  Cadmium will then transfer between environmental compartments (including landfill), the main processes involved in these transfers being:

deposition from atmosphere (air to soil and air to water);

leaching from landfill (landfill to groundwater);

runoff from soil (soil to water);

sorption to sediment (water to sediment); and

uptake by biota (soil to biota and water to biota).

The following sub sections provide information relating to the behaviour of cadmium in, and transfers of cadmium between, environmental compartments for use in the calculation of the continental and regional concentrations of cadmium arising from the products.  The overall approach that has been adopted in the calculations has been to represent the behaviour of cadmium in the generalised EU environment on the continental scale and in an acidic environment on the regional scale.  The generalised EU environment relates to a pH of approximately 7.7 in soils and water, whilst the acidic environment relates to a pH of approximately 5.5.

Atmosphere and deposition from atmosphere

3.5	The majority of cadmium lost to atmosphere from the products is in the form of cadmium oxide, which is stable and does not undergo chemical reactions quickly (OECD 1995).  On the continental and regional scales the default residence times in atmosphere are employed i.e. 6.5 days (0.0178 years) for the former scale and 0.7 days (0.00192 years) for the latter scale (EC 1996b).

3.6	Wet and dry deposition provide the mechanisms for the transfer of cadmium from atmosphere to soil and to water.  Revitt et al. (1990) investigated cadmium deposition in a small urban/residential catchment.  Dry deposition was found to amount to 45 per cent of the total deposition of cadmium.  The authors concluded that the major inputs of cadmium to the catchment were from sources outside the boundary of the catchment.  In addition, as there were no major industrial sources of cadmium in the area it was concluded that the cadmium represented fallout from the general urban background.  This is appropriate to represent deposition of cadmium arising from the products at the continental and regional scales.  Therefore a dry deposition fraction of 0.45 and a wet deposition fraction of 0.55 are assumed.  The majority of the cadmium deposited from atmosphere will be in the form of cadmium oxide.

Landfill and leaching from landfill

3.7	Cadmium containing waste disposed of to landfill will result in an increased cadmium load in the landfill and will give rise to the potential for cadmium releases to the surrounding environment as a component of leachate to groundwater.  Landfills and groundwater are not addressed in the Technical Guidance Document (EC 1996a).  Therefore leaching of cadmium from landfill is only considered at the local scale.

Soil and runoff from soil

3.8	Cadmium lost to soil from the products is in the form of cadmium oxide whilst the majority of the cadmium lost to agriculture is in the form of carbonate and sulphide.  These forms of cadmium are stable in soil under the conditions that are representative of the generalised EU environment.  Cadmium has an extremely long residence time in soil.  Jackson and Alloway (1992) estimated the residence time to be up to hundreds or possibly more than 1000 years.  Studies relating to heavy metal migration in soils and rocks at historical smelting sites (Maskall and Thornton 1995) indicate that the residence time of cadmium in soil to a depth of not greater than 20 cm may be nearer to 100 years.  Cadmium at the studied sites has been assumed to be mainly present as cadmium oxide.  The solubility of cadmium oxide is strongly influenced by pH, and under acidic conditions it becomes soluble.  Therefore cadmium will be more mobile in acidic soils and a residence time that is approximately an order of magnitude lower is more appropriate (Ross 1997).  Residence times for cadmium in soil of 100 years for the generalised EU environment and 10 years for the acidic environment are assumed.





3.9	No specific data concerning the transport of cadmium from soils to water in run off have been identified, but the presence of acidic soils is likely to lead to increased run off.  In the absence of data, the default value of 0.25 for the fraction of rainwater running off soil (EC 1996a) is employed for the generalised EU environment and the acidic environment.  The cadmium in the run off from soil will be in the form of cadmium oxide.

Surface water and sorption to sediment

3.10	Cadmium lost to surface water from the products is in the form of Cd2+ ions for pigments and stabilisers, and in the form of cadmium oxide for plating.  On the continental and regional scales the default residence times in surface water are employed i.e. 166 days (0.455 years) in the former case and 40 days (0.11 years) in the latter case.  The ratio of dissolved to recoverable cadmium in the aquatic environment is very variable, however Parametrix (1995) provide a generic translator for the ratio of 0.58.  ECB (1996) stated that 10 - 40 per cent of cadmium in waters is in solution with the remainder being associated with particulate or colloidal matter.  In the generalised EU environment a value of 0.4 is assumed for the available fraction of cadmium in water for cadmium entering water in the form of Cd2+ ions, whereas a value of 0.1 is assumed for the available fraction of cadmium in water for cadmium entering water in the form of cadmium oxide.

3.11	It has been established that more acidic waters reduce the fixation of cadmium to sediment (Parkman et al. 1997).  Therefore in these waters the dissolved fraction of cadmium increases and is found to be approximately 90 per cent at pH 5 (Lithner and Borg 1996).  It is assumed that the dissolved fraction of cadmium constitutes the cadmium that is available for uptake by biota.  Therefore a value of 0.9 is employed as the available fraction of cadmium in fresh waters in the acidic environment.  However, since this value is based on a generic statement there are uncertainties involved in its use.

3.12	An average depth of sediment of 0.03 m (EC 1996b) is employed.  It is assumed that the growth of sediment is not less than 1 - 2 mm year-1.  Therefore 0.03 m of sediment would accumulate over 15 - 30 years.  Hence 30 years is assumed as the reasonable worst case residence time for cadmium in sediments on both the continental and regional scales.

�Uptake by biota

3.13	In general cadmium concentrations in terrestrial and aquatic biota from uncontaminated localities are low, but in certain circumstances cadmium displays a tendency for marked bioaccumulation (IPCS 1992a). 

Terrestrial biota

3.14	The most important soil factors influencing plant cadmium accumulation are soil pH and cadmium concentration (IPCS 1992a); more acid soils lead to greater mobility of cadmium (OECD 1995).  Various other soil properties affect the accumulation of cadmium by plants, one of these being the presence of zinc.  A relatively high concentration of zinc has been found to reduce cadmium uptake (OECD 1995), but the exact extent of the effect is difficult to predict.  Natural vegetation usually exhibits less uptake than cultivated vegetation, as in contaminated soils plants adapt genetically to elevated concentrations (Parametrix 1995).  In general leafy green vegetables tend to accumulate higher concentrations of cadmium than root, grain or fruit crops (Alloway et al. 1990).

3.15	For pigments, stabilisers and plating, cadmium lost to soil and the majority of cadmium deposited to soil is in the form of cadmium oxide, whilst the majority of cadmium lost to agriculture is in the form of carbonate and sulphide.  Dudka et al. (1996) undertook a four year field experiment studying the transfer of metals including cadmium from soil contaminated by smelter flue dust.  The form of the majority of cadmium in the experiment has been assumed to be cadmium oxide.  For grass grown on soil with the minimum cadmium concentration (0.34 mg kg-1 wet weight) a transfer factor of 0.7 on a dry weight plant wet weight soil basis was obtained.  In the absence of a specific grass dry weight to fresh weight conversion factor for this result, the value of 4 for the dry weight to fresh weight conversion for grass (EC 1996b) is employed.  Therefore a transfer factor on a fresh weight plant wet weight soil basis of 0.18 is obtained.  This value is in good agreement with the transfer factor for leafy green vegetables employed in the Netherlands to derive an intervention level for soil remediation (Dorgelo 1998) and is employed as the transfer factor to plant for crops and grass grown on soil in the generalised EU environment.

3.16	Several investigators, for example Mahler et al. (1978), have considered the variation in uptake of cadmium from soils with decreasing soil pH.  However, no work has been identified in which transfer factors for crops grown on low pH soils have been derived.  Andersson and Nilsson (1974) investigated the transfer of cadmium to fodder rape grown in pots using sludge amended soil.  They observed up to five times the transfer of cadmium to the crop when the soil pH was decreased from 7.2 to 4.8.  In the absence of more appropriate data a factor of five is applied to the transfer factor of 0.18 on a fresh weight plant wet weight soil basis derived from the work of Dudka et al. (1996).  Therefore a value of 0.88 on a fresh weight plant wet weight soil basis is employed as the transfer factor to plant for crops and grass grown on acidic soil.  It should be noted, however, that there are large uncertainties involved with the use of this value.

3.17	Morgan (1991) undertook a review of transfer factors to milk and meat for cadmium and recommended values of 3.0 x 10-4 and 2.0 x10-2 d kg-1 respectively as being appropriate for use in modelling.  Therefore these values are employed in this assessment.

Aquatic biota

3.18	Cadmium lost to water for pigments and stabilisers is in the form of Cd2+ ions whilst for plating it is in the form of cadmium oxide. For all three products the majority of cadmium deposited to water and cadmium in run off to water is in the form of cadmium oxide.

3.19	The free metal ion, Cd2+, is the form of cadmium most available to aquatic organisms. Cadmium uptake from water by aquatic biota is extremely variable and depends on the biotic species and the various environmental conditions such as concentration of calcium ions, magnesium ions, salinity, temperature, pH and organic matter content (Pearse 1995).  Increasing concentrations of calcium lead to reductions in cadmium uptake.  Bioconcentration factors for cadmium are summarised in Table 3.3.

From a review of combined data for freshwater and marine fish, Van der Passche et al. (1994) derived a value of 38 on a fresh weight basis as the geometric mean of bioconcentration factors.  This value was employed to derive a maximum permissible concentration of cadmium in surface waters on the basis of the potential for secondary poisoning.  Therefore a bioconcentration factor for freshwater fish of 38 on a fresh weight basis is employed for the generalised EU environment.  In the absence of data to the contrary this bioaccumulation factor is assumed to apply to the available fraction of cadmium in fresh water.



Table 3.� SEQ Table \* ARABIC �3� - Bioconcentration factors for cadmium in freshwater biota



Freshwater biota group�Bioconcentration factor��Algae�600 - 10000��Crustaceans�10 - 1500��Molluscs�3000��Fish�1 -3000��Note: Assumed to be quoted on a dry weight basis

Source: ECB (1996)

3.21	No specific data concerning bioconcentration factors for fish in waters with high pH levels have been identified.  Therefore a bioconcentration factor of 3000 on a dry weight basis is assumed.  In the absence of a specific animal dry weight to fresh weight conversion factor for this result the value of 4 for the dry weight to fresh weight conversion factor for grass (EC 1996b) is employed, thus a bioconcentration factor of 750 on a fresh weight basis is obtained.  In the absence of data to the contrary this bioaccumulation factor is assumed to apply to the available fraction of cadmium in fresh water.  Therefore a bioconcentration factor of 750 on a fresh weight basis for freshwater fish is employed for the acidic environment.  It should be noted that there are large uncertainties involved with the use of this value, however it is similar to the maximum bioconcentration factor of 540 on a fresh weight basis derived by Van der Passche et al. (1994).

predicted environmental concentrations of cadmium associated with the products on continental and regional scales

3.22	The continental and regional compartmental data employed in the calculation of concentrations on the continental and regional scales are shown in Table 3.4.

�Table 3.� SEQ Table \* ARABIC �4� - Continental and regional compartmental data



Data�Continental scale�Regional scale��Total area�3.56 x 106 km2�4.00 x 104 km2��Mixing height of atmosphere�1000 m�1000 m��Volume of atmosphere (assuming 1000 m mixing height)1�3.56 x 1015 m3�4.00 x 1013 m3��Fraction of total area that is agricultural soil�0.27�0.27��Fraction of total area that is natural soil and urban soil�0.7�0.7��Fraction of total area that is soil�0.97�0.97��Mixing depth of agricultural soil�0.2 m�0.2 m��Mixing depth of natural and urban soil�0.05 m�0.05 m��Volume of agricultural soil (assuming 0.2 m mixing depth)1�1.92 x 1011 m3�2.16 x 109 m3��Volume of natural soil and urban soil (assuming 0.05 m mixing depth)1�1.25 x 1011 m3�1.40 x109 m3��Volume fraction of solids in soil�0.6�0.6��Volume fraction of water in soil�0.2�0.2��Volume fraction of air in soil�0.2�0.2��Density of the solid phase of soil�2500 kg m-3�2500 kg m-3��Density of the water phase of soil�1000 kg m-3�1000 kg m-3��Density of the air phase of soil�1.3 kg m-3�1.3 kg m-3��Fraction of total area that is surface water�0.03�0.03��Average depth of surface water�3 m�3 m��Volume of surface water (assuming 3 m average depth of water)1�3.20 x 1011 m3�3.60 x 109 m3��Average depth of sediment�0.03 m�0.03 m���

Volume of sediment (assuming 0.03 m average depth of sediment)1�3.20 x 109 m3�3.6 x107 m3��Volume fraction of solids in sediment�0.2�0.2��Volume fraction of water in sediment�0.8�0.8��Density of the solid phase of sediment�2500 kg m-3�2500 kg m-3��Density of the liquid phase of sediment�1000 kg m-3�1000 kg m-3��Intake of air by cattle�122 m3 d-1�122 m3 d-1��Intake of water by cattle�0.055 m3 d-1�0.055 m3 d-1��Intake of dry grass by cattle�16.9 kg d-1�16.9 kg d-1��Conversion dry weight to fresh weight grass�4�4��Intake of fresh grass by cattle (assuming 4 as conversion dry weight to fresh weight grass)1�67.6 kg d-1�67.6 kg d-1��Intake of dry soil by cattle�0.41 kg d-1�0.41 kg d-1��Conversion dry weight to wet weight soil�1.13�1.13��Intake of wet soil by cattle (assuming 1.13 as conversion dry weight to wet weight soil)1�0.465 kg d-1�0.465 kg d-1��Intake of drinking water by man�0.002 m3 d-1�0.002 m3 d-1��Intake of fish by man�0.115 kg d-1�0.115 kg d-1��Intake of leaf crops by man�1.2 kg d-1�1.2 kg d-1��Intake of meat by man�0.301 kg d-1�0.301 kg d-1��Intake of milk by man�0.561 kg d-1�0.561 kg d-1��Intake of air by man�20 m3 d-1�20 m3 d-1��Notes:  All units are in terms of wet or fresh weight except where otherwise specified

	1 Calculated from data contained in the table

Source: EC 1996b



3.23	The methods and equations used to calculate the continental and regional concentrations are based on those found in the Technical Guidance Document (EC 1996a) and EUSES, the European Union System for Evaluation of Substances (EC 1996b).  The methods are described in this sub section and the equations employed are shown in Appendix B.

3.24	The releases of cadmium at the continental and regional scales are derived by multiplying the total EU losses by factors of 0.9 and 0.1 respectively.  This approach allows for a greater density of manufacturing facilities and municipal waste incinerators, and use of products in certain regions of the EU.

3.25	The concentration in atmosphere is derived by assuming that the cadmium released to atmosphere is evenly distributed throughout atmosphere at the considered scale, and accumulates for the residence time of cadmium in atmosphere.

3.26	Input to soil includes the release of cadmium to soil, the release of cadmium to agriculture via sewage and deposition of cadmium from atmosphere.  The release of cadmium to soil is distributed between agricultural soil, and natural and urban soil in the ratio of the appropriate surface areas.  It is assumed that the release of cadmium to agriculture via sewage is distributed only on agricultural land.  All cadmium released to atmosphere is assumed to be deposited within the scale under consideration.  Therefore it is assumed that the gain from adjacent regions is equal to the loss to adjacent regions.  Deposition to soil is assumed to consist of both wet and dry deposition from atmosphere.  A fraction of the wet deposition to soil is assumed to run off from soil, this fraction is derived by employing the fraction of rainwater running off soil.

3.27	Soil density is calculated from the volume fraction of solids, water and air in soil in conjunction with the density of the solid, water and air phases of soil.  The concentration in soil is derived by assuming that the total cadmium input to soil is evenly distributed throughout soil at the considered scale, and accumulates for the residence time of cadmium in soil.  The additional factor of soil density is included in the calculation to obtain the concentration in soil on a unit weight basis.  No account is taken of losses of cadmium from soil as a result of leaching or uptake by organisms.

3.28	Input to surface water includes the release of cadmium to watercourses, deposition of cadmium from atmosphere and runoff from soil.  All cadmium released to atmosphere is assumed to be deposited within the scale under consideration and total deposition from atmosphere is considered.  Input from soil runoff is derived from cadmium deposited on the soil by wet deposition multiplied by the fraction of rainwater running off soil.  The concentration in surface water is derived by assuming that the total cadmium input to surface water is evenly distributed throughout surface water at the considered scale, and accumulates for the residence time of cadmium in surface water.  Available cadmium in surface water is calculated from the concentration in surface water and the available fraction of cadmium in surface water.  For pigments and stabilisers the overwhelming majority of the input to surface water is in the form of cadmium oxide, which arises from deposition from atmosphere and runoff from soil.  In the case of plating all cadmium input to surface water is in the form of cadmium oxide.  Therefore for all three products for the generalised EU environment a value of 0.1 is assumed for the available fraction of cadmium in surface water.

3.29	Input to sediment is assumed to be exclusively from surface water.  It is assumed that all cadmium entering surface water will eventually be fixed in sediment.  The loss of cadmium from the system by transport into the marine environment is assumed to be zero.  Sediment density is calculated from the volume fraction of solids and water in sediment in conjunction with the density of the solid and liquid phases of sediment.  The concentration in sediment is derived by assuming that the total cadmium input to surface water is evenly distributed throughout the sediment compartment at the considered scale, and accumulates for the residence time of cadmium in sediment.  The additional factor of sediment density is included in the calculation to obtain the concentration in sediment on a per unit weight basis.

3.30	The concentration in aquatic biota is derived from the available cadmium in surface water and the bioconcentration factor for aquatic biota.  The concentrations in terrestrial biota are derived from the concentration of cadmium in soil and the appropriate bioaccumulation factor for terrestrial biota.  Crops are assumed to be influenced by the concentration in agricultural soil, whilst grass is assumed to be influenced by the concentration in natural soil.

3.31	The concentrations in meat and milk are calculated from the intakes for cattle of cadmium in air, grass, soil and water in conjunction with the transfer factor for cadmium to meat or milk respectively.

The data shown in Table 2.15 were employed to calculate the continental and regional concentrations of cadmium arising from the products.  Tables 3.5 to 3.7 show the results that were obtained for pigments, stabilisers and plating respectively.



Table 3.� SEQ Table \* ARABIC �5� - Continental and regional concentrations for cadmium in pigments



Environmental compartment�Continental concentration�Acidic regional concentration��Atmosphere�0.037 ng m-3�0.039 ng m-3��Agricultural soil�0.53 (g kg-1  ww�0.52 (g kg-1 ww��Natural and urban soil �2.1 (g kg-1 ww�2.1 (g kg-1 ww��Surface water - total�1.7 ng l-1�4.2 ng l-1��Surface water - available�0.17 ng l-1�3.8 ng l-1��Sediment�8.8 (g kg-1 ww�87 (g kg-1 ww��Crops�0.095 (g kg-1 fw�0.46 (g kg-1 fw��Grass�0.38 (g kg-1 fw�1.8 (g kg-1 fw��Meat�0.54 (g kg-1 fw�2.5 (g kg-1 fw��Milk�0.0080 (g kg-1 fw�0.038 (g kg-1 fw��Fish�0.0066 (g kg-1 fw�2.8 (g kg-1 fw���Table 3.� SEQ Table \* ARABIC �6� - Continental and regional concentrations for cadmium in stabilisers



Environmental compartment�Continental concentration�Acidic regional concentration��Atmosphere�0.012 ng m-3�0.013 ng m-3��Agricultural soil�0.17 (g kg-1  ww�0.17 (g kg-1  ww��Natural and urban soil�0.70 (g kg-1  ww�0.69 (g kg-1  ww��Surface water - total�0.57 ng l-1�1.4 ng l-1��Surface water - available�0.057 ng l-1�1.2 ng l-1��Sediment�2.9 (g kg-1  ww�28 (g kg-1  ww��Crops�0.031 (g kg-1  fw�0.15 (g kg-1  fw��Grass�0.13 (g kg-1  fw�0.61 (g kg-1  fw��Meat�0.18 (g kg-1  fw�0.83 (g kg-1  fw��Milk�0.0026 (g kg-1  fw�0.012 (g kg-1  fw��Fish�0.0021 (g kg-1  fw�0.91 (g kg-1  fw��

�Table 3.� SEQ Table \* ARABIC �7� - Continental and regional concentrations for cadmium plating



Environmental compartment�Continental concentration�Acidic regional concentration��Atmosphere�0.0000059 ng m-3�0.0000062 ng m-3��Agricultural soil�1.7 (g kg-1  ww�1.7 (g kg-1  ww��Natural and urban soil �6.8 (g kg-1  ww�6.7 (g kg-1  ww��Surface water - total�0.92 ng l-1�2.2 ng l-1��Surface water - available�0.092 ng l-1�2.0 ng l-1��Sediment�4.7 (g kg-1  ww�46 (g kg-1  ww��Crops�0.31 (g kg-1  fw�1.5 (g kg-1  fw��Grass�1.2 (g kg-1  fw�5.9 (g kg-1  fw��Meat�1.7 (g kg-1  fw�8.0 (g kg-1  fw��Milk�0.026 (g kg-1  fw�0.12 (g kg-1  fw��Fish�0.0035 (g kg-1  fw�1.5 (g kg-1  fw��

3.33	For soils, terrestrial biota, meat and milk calculated cadmium concentrations decrease in the order: plating, pigments and stabilisers; whilst for surface water and fish calculated cadmium concentrations decrease in the order: pigments, plating and stabilisers.  Table 3.8 provides the results obtained for all three products.

�Table 3.� SEQ Table \* ARABIC �8� - Continental and regional concentrations for all three products



Environmental compartment�Continental concentration�Acidic regional concentration��Atmosphere�0.049 ng m-3�0.052 ng m-3��Agricultural soil�2.4 (g kg-1  ww�2.4 (g kg-1  ww��Natural and urban soil �9.6 (g kg-1  ww�9.5 (g kg-1  ww��Surface water - total�3.2 ng l-1�7.7 ng l-1��Surface water - available�0.32 ng l-1�7.0 ng l-1��Sediment�16 (g kg-1  ww�160 (g kg-1  ww��Crops�0.44 (g kg-1  fw�2.1 (g kg-1  fw��Grass�1.7 (g kg-1  fw�8.3 (g kg-1  fw��Meat�2.4 (g kg-1  fw�11 (g kg-1  fw��Milk�0.036 (g kg-1  fw�0.17 (g kg-1  fw��Fish�0.012 (g kg-1  fw�5.2 (g kg-1  fw��

3.34	The regional predicted environmental concentrations (PECs) for all three products were obtained by summing the background concentrations of cadmium, the continental concentrations of cadmium for all three products and the regional concentrations of cadmium for all three products.

3.35	The background concentrations of cadmium for atmosphere, surface water, crops and fish were taken to be equal to the upper ends of the appropriate ranges of concentrations shown in Table 3.1.  For grass the background concentration was taken to be equal to the background concentration for crops.  The background concentrations for agricultural soils, and natural and urban soils were taken to be equal to the adopted value for soil shown in Table 3.1 converted to wet weight basis by employing the conversion factor of 1.13 (EC 1996b).  For sediment the background concentration was taken to be equal to the upper end of the range of concentrations for river / lake sediments shown in Table 3.1 converted to a wet weight basis by employing the conversion factor of 1.13 (EC 1996b).  The background concentration for the available cadmium in surface water was obtained by multiplying the background concentration for surface water by the available fraction of cadmium in water for cadmium entering water as cadmium oxide i.e. 0.1.  For meat and milk the background concentrations were calculated from the background concentrations for air, water, grass and soil by employing the appropriate equations shown in Appendix B.  Table 3.9 provides the values of the background concentrations and the results that were obtained from the summation.

Table 3.� SEQ Table \* ARABIC �9� - Background concentrations and regional PECs for all three products



Environmental compartment�Background concentration�PEC for acidic region��Atmosphere�0.30 ng m-3�0.40 ng m-3��Agricultural soil�710 (g kg-1 ww�710 (g kg-1 ww��Natural and urban soil�710 (g kg-1 ww�730 (g kg-1 ww��Surface water - total�10 ng l-1�21 ng l-1��Surface water - available�1 ng l-1�8.3 ng l-1��Sediment�530 (g kg-1 ww�710 (g kg-1 ww��Crops�60 (g kg-1 fw�63 (g kg-1 fw��Grass�60 (g kg-1 fw�70 (g kg-1 fw��Meat�88 (g kg-1 fw�100 (g kg-1 fw��Milk�1.3 (g kg-1 fw�1.5 (g kg-1 fw��Fish�20 (g kg-1 fw�25 (g kg-1 fw��

3.36	The daily intake of cadmium by man is assessed over the pathways of drinking water, fish, crops, meat, milk and air.  For each pathway the daily intake is calculated from the regional PEC in the medium associated with the pathway and the daily intake of that medium.  The total daily intake is then obtained by summing the daily doses from each pathway (Appendix B).  Therefore the calculated total daily dose of 110 (g was obtained for the acidic regional environment.



3.37	Table 3.10 provides the values of measured concentrations of cadmium for the generalised EU and acidic environments.  For sediment the concentrations were converted to wet weight by employing the conversion factor of 1.13, whilst for crops and grass the conversion factor of 4 was employed.

Table 3.� SEQ Table \* ARABIC �10� - Measured concentrations of cadmium for the generalised EU and acidic environments

Environmental compartment�Measured concentration for generalised EU environment�Measured concentration for acidic environment��Atmosphere�rural 1 - 5 ng m-3�rural 1 - 5 ng m-3��Agricultural soil�1 -1510 (g kg-1 assumed ww�30 - 2300 (g kg-1 assumed ww��Natural / urban soil�50 - 1800 (g kg-1 assumed ww�assumed equal to agricultural soil��Surface water - total�Rhine 100 ng l-1 �up to 300 ng l-1��Surface water - available�dissolved 10 - 500 ng l-1�NA��Sediment�rivers / lakes 40 - 800 (g kg-1 dw (35 - 710 (g kg-1 ww)�400 (g kg-1 dw (350 (g kg-1 ww)��Crops�1 - 50 (g kg-1 dw (0.25 - 13 (g kg-1 fw)�4 - 43 (g kg-1 fw��Grass�400 (g kg-1 dw (100 (g kg-1 fw)�assumed equal to crops��Meat�meat products less than 10 (g kg-1 assumed fw�2 - 3 (g kg-1 fw��Milk�1.2 - 2.0 (g kg-1 fw�dairy products 1 - 23 (g kg-1 fw��Fish�10 - 1100 (g kg-1 fw�1 - 20 (g kg-1 fw��Daily intake�8 - 45 (g d-1�8 - 15 (g d-1��Source: WHO (1987), Ros and Slooff (1990), IPCS (1992a), Jackson and Alloway (1992), ECB (1996), Parkman et al. (1997), Coughtrey and Thorne (1983), OECD (1995).

3.38	The measured concentrations of cadmium shown in Table 3.10 will arise from all sources of cadmium, both natural and anthropogenic.  Comparison of the calculated values for the regional PECs (Table 3.9) with the measured concentrations for the acidic environment (Table 3.10) indicates that the regional PECs are lower than the measured concentrations apart from in the case of: sediment, crops, grass, meat and fish.  However for sediment the regional PEC is the same order of magnitude as the measured concentration, whilst for crops and grass the regional PECs are of the same order of magnitude as the upper ends of the ranges of the measured concentrations.  For fish the regional PEC is the same as the upper end of the range of measured concentrations.  In addition, comparison of the measured value of the daily intake for the acidic environment (Table 3.10) with the calculated value quoted above indicates that the former value is lower.

3.39	Therefore in the above listed cases and for the daily intake, the measured values were substituted for the calculated values and employed in the assessment of risks arising from the products on a regional scale for the acidic environment.  Where no comparison is possible, the calculated value is employed.  Therefore Table 3.11 provides the values that were employed in the assessment.

Table 3.� SEQ Table \* ARABIC �11� - Regional PECs and daily intake for all three products employed in the assessment



Environmental compartment�PEC or daily intake for acidic region��Atmosphere�0.4 ng m-3��Agricultural soil�710 (g kg-1 ww��Natural and urban soil�730 (g kg-1 ww��Surface water - total�21 ng l-1��Surface water - available�8.3 ng l-1��Sediment�350 (g kg-1 ww��Crops�43 (g kg-1 fw��Grass�43 (g kg-1 fw��Meat�3 (g kg-1 fw��Milk�1.5 (g kg-1 fw��Fish�20 (g kg-1 fw��Daily intake�15 (g d-1��Local Concentrations of cadmium associated with the products

In the vicinity of preparation facilities

3.40	The methods and equations used to calculate the local concentrations in the vicinity of preparation facilities are based on those found in the Technical Guidance Document (EC 1996a) and EUSES (EC 1996b).  The methods are described in this sub section whilst the equations employed are shown in Appendix C.  For pigment and stabiliser manufacture the facilities are assumed to be sited in areas represented by the generalised EU environment, whilst for plating the surrounding areas are represented by both the generalised EU and the acidic environment.  For plating only the local concentrations in surface water during an emission episode are calculated.

3.41	Cadmium lost to atmosphere from pigment preparation is in the form of cadmium sulphide, whilst for stabiliser preparation it is the form of cadmium laurate or stearate.  All these forms of cadmium are stable and will not undergo chemical reactions quickly.  The local air concentration is derived from the local direct emission to air and the concentration in air at source strength of 1 kg day-1.

3.42	As a reasonable worst case estimate it is assumed that all the cadmium in air is in aerosol form.  The total deposition flux of cadmium from air is derived from the local direct emission to air, the fraction of cadmium that is associated with aerosol particles and the standard deposition flux of aerosol bound compounds at a source strength of 1 kg day-1.  The total deposition flux to soil is derived from the total deposition of cadmium from air, the mixing depth of soil and the density of soil.  In order to calculate the local concentration in soil it is assumed that the production facilities have an operational lifetime of 10 years and that no cadmium is lost from soil over this time.

3.43	Cadmium lost to water from pigment preparation, stabiliser preparation and plating is in the form of Cd2+ ions.  The local dilution factor for effluent is derived from the effluent discharge rate and the flow rate of the receiving waters.  The local water concentration during an emission episode is then derived from the concentration of cadmium in the effluent and the dilution factor.  The variability of the ratio of dissolved to recoverable cadmium in the aquatic environment has already been discussed.  As cadmium is essentially dissolved in the effluent, in the absence of site specific data concerning the available fraction of cadmium in water a value of 0.4 is assumed for the generalised EU environment whilst a value of 0.9 is assumed for the acidic environment.  The local available water concentration is derived from the local water concentration during an emission episode and the available fraction of cadmium in water.  The local annual average water concentration is then derived from the local water concentration during an emission episode and the fraction of a year during which emissions occur.  The local available annual average water concentration is then derived from the annual average water concentration and the available fraction of cadmium in water.

3.44	The local concentration in aquatic biota is derived from the local available annual average water concentration of cadmium and the bioconcentration factor for aquatic biota.  A bioconcentration factor for freshwater fish of 38 on a fresh weight basis is employed.  The concentrations in terrestrial biota are derived from the concentration of cadmium in soil and the appropriate bioaccumulation factor for terrestrial biota.  A bioaccumulation factor of 0.18 on a fresh weight plant wet weight soil basis is employed for crops and grass.  Crops are assumed to be influenced by the concentration in agricultural soil, whilst grass is assumed to be influenced by the concentration in natural soil.

3.45	The local concentrations in meat and milk are calculated from the intakes for cattle of cadmium in air, grass, soil and water in conjunction with the transfer factor for cadmium to meat or milk respectively.  The intake of cadmium in water is derived from the local annual average concentration of cadmium in water.  Transfer factors of 3.0 x 10-4 and 2.0 x10-2 d kg-1 are employed for milk and meat respectively.

3.46	The additional local daily intake of cadmium to man is assessed over the pathways of drinking water, fish, crops, meat, milk and air.  For each pathway the additional daily intake is calculated from the local concentration in the medium and the daily intake of that medium.  For drinking water the local annual average concentration in water is employed.  The total additional local daily intake is then obtained by summing the additional daily intakes from each pathway.

3.47	The data shown in Appendix A were employed to calculate the local concentrations of cadmium arising from the products.  Where possible, local PECs were then obtained by adding the local concentrations to the appropriate regional PECs.

3.48	Table 3.12 provides the results obtained for the local concentrations of cadmium in air and soil in the vicinity of pigment preparation facilities.

Table 3.� SEQ Table \* ARABIC �12� - Local concentrations of cadmium in air and soil in the vicinity of pigment preparation facilities



Pigment preparation facility�Local concentration in air

(ng m-3)�Local concentration in agricultural soil

((g kg-1 ww)�Local concentration in natural and urban soil

((g kg-1 ww)��A�1.4�0.34�1.4��B�2.0�0.49�2.0��C�3.6�1.1�4.2��D�6.4�1.6�6.2��E�0.38�0.059�0.24��

3.49	Table 3.13 provides the results obtained for local concentrations of cadmium in water in the vicinity of pigment preparation facilities.

Table 3.� SEQ Table \* ARABIC �13� - Local concentrations of cadmium in water in the vicinity of pigment preparation facilities



Pigment preparation facility�Local concentration in water

(ng l-1)�Local available concentration in water

(ng l-1)�Local annual concentration in water

(ng l-1)�Local available annual concentration in water

(ng l-1)��A�430�170�270�110��B�2.2�0.89�1.4�0.56��C�120�47�89�36��D�110�43�68�27��E�0.41�0.16�0.096�0.038��

3.50	Table 3.14 provides the results obtained for the local concentrations of cadmium in biota, meat and milk in the vicinity of pigment preparation facilities.

Table 3.� SEQ Table \* ARABIC �14� - Local concentrations of cadmium in biota, meat and milk in the vicinity of pigment preparation facilities



Pigment preparation facility�Local concentration in crops

((g kg-1 fw)�Local concentration in grass

((g kg-1 fw)�Local concentration in meat

((g kg-1 fw)�Local concentration in milk

((g kg-1 fw)�Local concentration in fish

((g kg-1 fw)��A�0.061�0.25�0.66�0.0099�4.1��B�0.088�0.36�0.52�0.0078�0.021��C�0.20�0.76�1.2�0.018�1.4��D�0.29�1.1�1.6�0.024�1.0��E�0.011�0.043�0.062�0.00093�0.0015��

3.51	Calculated additional total daily intakes of 1.3, 0.32, 1.0, 1.2 and 0.046 (g were obtained in the vicinity of pigment preparation facilities A, B, C, D and E respectively.

3.52	For pigment preparation facilities it is not possible to determine local PECs and daily intakes because the environment surrounding the facilities is represented by the generalised EU environment, and regional PECs for this environment have not been calculated.

3.53	Table 3.15 provides the results obtained for local concentrations of cadmium in air and soil in the vicinity of stabiliser preparation facilities.

�Table 3.� SEQ Table \* ARABIC �15� - Local concentrations of cadmium in air and soil in the vicinity of stabiliser preparation facilities



Stabiliser preparation facility�Local concentration in air

(ng m-3) �Local concentration in agricultural soil

((g kg-1 ww)�Local concentration in natural and urban soil

((g kg-1 ww)��F�1.3�0.026�0.11��G�4.6�0.24�0.94��H�2.3�0.15�0.59��I�NA�0.029�0.12��J�15�0.21�0.82��K�0.93�0.012�0.047��

3.54	Table 3.16 provides the results obtained for local concentrations of cadmium in water in the vicinity of stabiliser preparation facilities.

Table 3.� SEQ Table \* ARABIC �16� -  Local concentrations of cadmium in water in the vicinity of stabiliser preparation facilities





Stabiliser preparation facility�Local concentration in water

(ng l-1)�Local available concentration in water

(ng l-1)�Local annual concentration in water

(ng l-1)�Local available annual concentration in water

(ng l-1)��F�0.11�0.045�0.0062�0.0025��H�13�5.2�2.1�0.84��

3.55	Table 3.17 provides the results obtained for local concentrations of cadmium in biota, meat and milk in the vicinity of stabiliser preparation facilities.

�Table 3.� SEQ Table \* ARABIC �17� - Local concentrations of cadmium in biota, meat and milk in the vicinity of stabiliser preparation facilities



Stabiliser preparation facility�Local concentration in crops

((g kg-1 fw)�Local concentration in grass

((g kg-1 fw)�Local concentration in meat

((g kg-1 fw)�Local concentration in milk

((g kg-1 fw)�Local concentration in fish

((g kg-1 fw)��F�0.0047�0.020�0.031�0.00047�0.095��G�0.043�0.17�0.25�0.0038�NA��H�0.027�0.11�0.16�0.0024�0.032��I�0.0052�0.022�0.72�0.00047�NA��J�0.038�0.15�0.25�0.0037�NA��K�0.0022�0.0085�0.33�0.00021�NA��

3.56	Calculated additional total daily intakes of 0.041, 0.22, 0.14, 0.22, 0.42 and 0.12 (g were obtained in the vicinity of stabiliser preparation facilities F, G, H, I, J and K respectively. 

3.57	For stabiliser preparation facilities it is not possible to determine local PECs and daily intakes because the environment surrounding the facilities is represented by the generalised EU environment, and regional PECs for this environment have not been calculated.

3.58	As stated in Section 2, typical concentrations of cadmium in treated effluent from plating facilities are in the range 0.005 - 0.01 mg l-1.  Assuming that the concentration in the effluent is equal to the upper end of this range, i.e. 0.01 mg l-1, and that, as stated in Section 2, 90 per cent of the cadmium in sewage treatment is distributed to sludge whilst 10 per cent is distributed to water (Lester et al. 1979), then the maximum concentration in the effluent from the sewage plant is 0.001 mg l-1 assuming no dilution within the sewage plant.  Employing a dilution factor of 10 in the receiving watercourse, then the maximum local concentration in surface water during an emission episode is 100 ng l-1.  Applying values of 0.4 and 0.9 respectively for the available fractions of cadmium in surface water, then the maximum available local concentrations of cadmium in surface waters during an emission episode are 40 and 90 ng l-1 for the generalised EU and acidic environment respectively.  For the generalised EU environment it is not possible to determine the local PEC in surface water during an emission episode because the regional PEC for surface water for the generalised EU environment has not been calculated.  For the acidic environment a local PEC for surface water - available of 98 ng l-1 is obtained by employing the value of 8.3 ng l-1 for the regional PEC for surface water - available (Table 3.11).

In the vicinity of incinerators

3.59	For incinerators the surrounding areas are represented by both the generalised EU and the acidic environment.  Directive 89/269/EEC sets the maximum cadmium and mercury release concentration for a new municipal waste incinerator and an existing municipal waste incinerator with a capacity of less than 6 tonnes per hour at 0.2 mg m-3.  Therefore the worst case atmospheric emissions of cadmium from the combustion of cadmium containing components associated with the products in an incinerator will be 0.2 mg m-3.  This assumes the municipal waste incinerator complies with Directive 89/269/EEC and all of the permissible release concentration will be cadmium arising from the products; a pessimistic assumption.  In order to determine the ground level concentration arising from this level of emission two other assumptions are made.  The first is that the incinerator complies with current best practice and has release properties corresponding with median values of release properties for municipal waste incinerators in the UK (WS Atkins 1995).  These values are an effective stack height and volume emission rate of 150 m and 60 m3 s-1 respectively.  The second assumption is that the meteorological conditions surrounding the incinerator will be those of a uniform windrose and a distribution of Pasquill stability categories of; A = 0.6%, B = 6%, C = 17%, D = 50%, E = 7%, F = 8% and G = 1.4%.

3.60	Applying the above assumptions, the maximum annual average ground level concentration arising from a release rate of 1 g s-1 is 1.5 x10-8 g m-3 (National Radiological Protection Board 1979).  A release rate of 12 mg s-1 or 0.012 g s-1 for the incinerator is obtained from the product of the 0.2 mg m-3 atmospheric emission of cadmium and the 60 m3 s-1 volume emission rate.   Therefore the maximum value of the annual average ground level concentration arising from this release rate is 1.8 x 10-10 g m-3 or 0.18 ng m-3 and the local air concentration is 0.18 ng m-3.  For the generalised EU environment it is not possible to determine the local PEC in air because the regional PEC for air for the generalised EU environment has not been calculated.  For the acidic environment a local PEC for atmosphere of 0.58 ng m-3 is obtained by employing the value of 0.4 ng m-3 for the regional PEC for air (Table 3.11).

3.61	Comparison of the calculated local PEC for atmosphere for the acidic environment with measured concentrations of cadmium in atmosphere in the vicinity of municipal waste incinerators is not possible because no appropriate data were identified.

In the vicinity of landfill

3.62	The following cadmium containing components associated with the products are disposed of to landfill: plastic articles, cadmium plated articles, sewage sludge; contaminated packaging arising from pigment and stabiliser production, sludge from cadmium plating processes, and fly ash and bottom ash from incinerators.  The leachability of cadmium from each of these components will differ.

3.63	Wilson et al. (1982) studied the leaching of cadmium from pigmented plastics and stated that the results indicated that there would not be a significant contribution from pigmented plastics to the release of cadmium in landfill leachates.  Their tests indicated that a maximum leachate concentration of 2 (g l-1 would be obtained.  The authors suggested that the low levels released indicated that the observed leaching was occurring solely from the surface of the plastic and they concluded that cadmium is released from pigmented plastics very slowly indeed.  It was estimated that even including cadmium arising from stabilised PVC, the contribution of all plastics to the content of leachate is unlikely to exceed 1 - 2 (g l-1.  This estimate is in agreement with the results for the leachability of cadmium from stabilised PVC which were discussed in Section 2.  In fact it has been suggested by Vonkeman (1996) that storage of cadmium in PVC may be the best practical method of keeping cadmium out of the environment.

3.64	The leachability of cadmium from cadmium plated articles and from sewage sludge will be variable depending on the pH conditions involved.  In the case of contaminated packaging arising from cadmium pigment manufacture the leachability will be low as the cadmium will be in the form of cadmium sulphide (Pigment Manufacturers 1997).  This is also the case for cadmium from contaminated packaging arising from cadmium stabiliser manufacture as the cadmium will be in the form of cadmium laurate or cadmium stearate.  The leachability of cadmium from sludge from cadmium plating processes will be variable dependent on the pH conditions involved.

3.65	Fly ash is likely to contain cadmium in the form of cadmium chloride and cadmium oxide (IAWG 1994).  Typical cadmium concentrations for fly ash from municipal solid waste incinerators is in the range 50 - 536 mg kg-1 (Eggenberg and Waber 1997).  Bottom ash is less soluble than fly ash due to the presence of a greater chloride concentration in the latter (IAWG 1994).  Typical cadmium concentrations of bottom ash of municipal solid waste incinerators are in the range 2 - 8 mg kg-1 (Eggenberg and Waber 1997).  The leachability of cadmium from incinerator ash is dependent on the pH involved.  Laboratory experiments using extraction procedures on incinerator ash have produced leachates with cadmium concentrations that have exceeded drinking water standards (OECD 1995), however the pH employed in these experiments was probably below that of landfills where neutral or basic conditions prevail.  Other extraction experiments where landfill conditions were more closely simulated produced leachates with cadmium concentrations that did not exceed drinking water standards (OECD 1995).

3.66	The disposal of the above listed cadmium containing components to landfill will result in an increased cadmium load in the landfill and will give rise to the potential for cadmium releases to the surrounding environment as a component of landfill leachate. The factors affecting cadmium migration from landfills are many and include the physical state of the waste, the quantity of water present, the pH of the leachate, whether combustion residues have been solidified or not, the properties of the surrounding soil and the presence of pollution control measures (Pearse 1995).  The most significant of these factors is the pH of the leachate.

3.67	Landfills are not addressed in the Technical Guidance Document (EC 1996a).  The approach adopted in this study is therefore to consider data for cadmium concentrations in landfill leachate.  This approach can only provide estimates of the impact of cadmium within landfill sites in the short to medium term.  It is not possible to assess the longer term (hundreds of years) behaviour of cadmium within landfill as this is insufficiently well understood at present.  Nevertheless the approach does provide a good indication of the likely scale of the risk.

3.68	Plastic articles, cadmium plated articles and sewage sludge are assumed to be disposed of to landfill as municipal solid waste.  It is not possible to proportion the cadmium present in a municipal solid waste landfill site or in the leachate from such a site between cadmium arising from components associated with the products and cadmium arising from other sources.  Therefore consideration must be given to the total cadmium concentration in municipal solid waste and in leachate from municipal solid waste landfill.  Eggenberg and Waber (1997) estimated an average cadmium concentration in municipal solid waste with low metal content of 10 mg kg-1.  This value is less than the concentration of cadmium that can be found in soils above ore bodies and black shales; 200 mg Cd kg-1.

3.69	Many workers have measured cadmium concentrations in leachate from landfills that have received a wide range of waste inputs.  Data concerning cadmium concentrations found in leachates from large landfills with a high waste input show that greater than 99 per cent of the samples exhibit a concentration less than 100 (g l-1 (DOE 1995).  In fact the majority of the leachate samples showed concentrations in the range <0.1 - 20 (g l-1, despite the fact that these results did not relate exclusively to landfills that have received only household waste.

3.70	Further leachate measurements reviewed by Eggenberg and Waber (1997) included analysis of data from 41 landfill sites in Switzerland, Italy and France.  Only one site, where the waste content was unknown, exhibited a leachate cadmium concentration greater then 100 (g l-1 whilst 85 per cent of the sites had concentrations less than the EU drinking water criterion and WHO guideline value for drinking water of 5 (g l-1, and 80 per cent had concentrations less than 3 (g l-1.  These data relate mainly to landfill sites that were still in use.  In addition, 92 per cent of 186 old landfill sites investigated in Germany (Eggenberg and Waber 1997) exhibited cadmium leachate concentrations of less than 5 (g l-1 whilst only three sites, with unknown waste content, exhibited very high cadmium concentrations of 136 -1300 (g l-1.

3.71	The above data for leachate from landfill sites indicate that at present cadmium does not currently constitute a frequent groundwater contamination problem at municipal solid waste landfill sites.  There are obviously no measurements of cadmium in leachate that relate to the long term behaviour of cadmium in landfills.  However experimental studies currently being carried out on the longer term behaviour of cadmium in municipal solid waste landfills suggest that cadmium remains in insoluble compounds and is not leached after conditions in the landfill change (Revans 1997).  The waste employed in the experimental studies had already been degraded in a previous project.  The studies on this waste were carried out under anaerobic conditions for the first 120 days, during which time the loss of cadmium was minimal.  After this time the conditions were changed so that the waste became aerobic.  The maximum concentration of cadmium in leachate from waste with a cadmium concentration of 100 g t-1 (10 times the maximum allowable cadmium concentration in waste in the EU) was found to be 400 (g l-1.  This result was obtained after 500 days and was independent of solubility and percentage organic matter.  It is suggested that 500 days represents a timescale in the region of 500 years in a landfill (Revans 1997).  In addition it is considered that the maximum concentration of cadmium in leachate will not increase considerably at high cadmium concentrations in waste as cadmium and calcium will coprecipitate.

3.72	Contaminated packaging, sludge from cadmium plating processes and fly ash from incinerators are assumed to be disposed of as hazardous waste in high containment sites.  These sites are designed to operate on a zero uncontrolled release basis (using double liners, hydrostatic pressure, leachate collection systems etc.).  It must therefore be assumed that in the short to medium term the only releases of cadmium from the site will be in the form of controlled leachate collection.  As these disposal sites are likely to involve co-disposal with other hazardous wastes it is not possible to proportion the cadmium present in a high containment site or in the leachate from such a site between cadmium arising from components associated with the products and cadmium arising from other sources.  Therefore consideration must be given to the total cadmium concentration in hazardous waste and in leachate from landfill containing hazardous waste.  It is assumed that hazardous waste has a cadmium concentration equal to the upper end of the range of concentrations in flyash; 536 mg kg-1.  This is greater than the cadmium concentration that can be found in soils above ore bodies and black shales.

3.73	Even at landfills that contained substantial quantities of hazardous waste cadmium has only a limited potential to migrate away from the site.  This was demonstrated by a study of measured concentrations of cadmium in groundwaters in the vicinity of 35 unlined landfill sites in Germany which had received a wide variety of household, commercial, industrial and hazardous wastes over long timescales (DOE 1995).  Groundwater contamination was detected at 31 of the sites, but in 75 per cent of the samples cadmium was present at a concentration below the limit of detection of 1 (g l-1 and in only 2 per cent of the samples the cadmium concentration was greater then 10 (g l-1.  The maximum determined value was 100 (g l-1.

3.74	The above data for leachate from landfill sites containing hazardous waste indicate that at present cadmium does not constitute a frequent groundwater contamination problem at hazardous waste landfill sites.  Once again there are obviously no measurements of cadmium in leachate that relate to the long term behaviour of cadmium in landfills of this type.  However, as these sites are likely to contain a certain organic content as the waste is of mixed origin, the experimental results obtained for municipal solid waste may have some relevance to hazardous waste.

3.75	Bottom ash from incinerators is assumed to be disposed of in a monofill compartment within a landfill site because it is not recommended to mix incinerator residues with untreated municipal solid waste (the organic component of the untreated municipal solid waste lowers the pH of the site thus increasing the leaching potential of some of the ash components) (IAWG 1994).  The upper end of the range of cadmium concentrations in bottom ash is 8 mg kg-1 which is substantially less than the concentration of cadmium that can be found in soils above ore bodies or black shales.  Leaching data for bottom ash (IAWG 1997) indicate that at pH 7 or greater the concentration of cadmium in the leachate is 100 (g l-1 or less whilst at lower pH the concentration in leachate increases rapidly to reach approximately 20000 (g l-1 at pH 1.  Generally the leachate from monofill ash disposal is more likely to remain alkaline and therefore contain lower concentrations of cadmium.  Once again there are obviously no data that relate to the long term behaviour of cadmium in landfills of this type.

3.76	A certain amount of cadmium stabilised PVC is assumed to be disposed of to landfills containing construction and demolition waste which is generally of an inert nature.  The low leachability of cadmium from PVC has already been discussed, therefore the leachate is likely to contain low concentrations of cadmium.  Once again there are obviously no data that relate to the long term behaviour of cadmium in landfills of this type.

�4.	cadmium toxicity

Introduction

4.1	Cadmium can be toxic to both humans and to the environment.  It is a non-essential element, meaning that it is not required for any biological process, and therefore cannot be present in concentrations that are too low, such as elements like zinc or potassium.  Therefore cadmium only needs to be assessed for concentrations that are too high and result in toxic effects to the environment and to humans.

environmental toxicity

4.2	The primary literature was searched for information regarding the toxicity of cadmium in the aquatic and terrestrial environment and a toxicity database was created.  Each article included in the database was reviewed and assigned a reliability score of between 1 (very reliable) and 4 (unreliable) using the following criteria:

1 - complete test results available and methodology conforms to OECD, EU or US EPA guidelines;

2 - complete test report available, but the methodology does not conform to the aforementioned guidelines;

3 - omission of critical pieces of information (e.g. statistical information, background concentrations of the control samples etc.) or data considered unreliable (e.g. data based on nominal concentrations without mention of significant differences between added and actual concentrations); and

4 - general lack of information on test conditions and/or absence of dose response and/or extrapolation outside measured range.

4.3	The entire toxicity database is presented in Appendix D.  The data for the aquatic environment relate to dissolved concentrations of cadmium which are assumed to represent available cadmium.  The data for soils relate to total cadmium concentrations with the majority of the data being expressed on a dry weight soil basis.  It should be noted that the compilation of the database and the reliability review were not conducted by WS Atkins.  The database was produced by the Belgian experts who are currently assessing cadmium and cadmium oxide within the framework of the EU’s Existing Substances programme.  The version of the database shown in Appendix D is a first draft and is currently undergoing revision by the Belgium experts.

4.4	PNECs were derived for an acidic aquatic environment, a generalised EU aquatic environment, an acidic terrestrial environment and a generalised EU terrestrial environment using the statistical extrapolation method of Aldenberg and Slob (1991).  This method of calculating PNECs is based on the principle that it is not necessary to protect the most sensitive species to ensure protection of the functional integrity of an ecosystem.  The level of protection adopted, termed the left confidence limit by Aldenberg and Slobb (1991), corresponds to a concentration which would safeguard 95 per cent of the species in an ecosystem.

4.5	The NOECs used in the statistical extrapolation were selected from data sources which obtained a reliability rating of either 1 or 2.  LOECs with a reliability rating of either 1 or 2 and an effect value of between 10 and 20 per cent were divided by two to obtain additional NOEC values.  This procedure was deemed necessary to increase the available data and therefore enhance the accuracy of the statistical extrapolation methodology.

4.6	NOECs obtained from tests conducted in the pH range 4.6 to 6.4 were used to calculate the acidic environment PNECs, while a pH range of 6.6 and 8.8 was used for the generalised EU environment.  The data employed for calculating the PNECs are presented in bold text in Appendix D.  Some data which obtained reliability ratings of 1 or 2 were dismissed as outliers and therefore not included in the calculation of the PNECs.  All of the rejected NOECs were assessed as representing unrealistically high values (i.e. indicating relatively low toxicity); there was no truncation of low NOECs.

4.7	Owing to a general paucity of data for NOECs for the acidic aquatic environment a modified approach was used to calculate the PNEC in this case.  Although the work of Nasu and Pattard (1990, cited in the database) was given a reliability score of 3, in the circumstances it was necessary to use the data.  Furthermore, LOECs with an effect of between 30 and 40 percent were also utilised in the assessment.  These LOECs were converted into NOECs by dividing by three.  The NOEC value of 500 µg l-1 obtained by Nasu and Kugimoto (1981, cited in the database) was dismissed as an outlier and therefore not used in the assessment.

4.8	The PNECs for each environmental compartment and a summary of the main data used in their calculation are presented in Table 4.1.

Table 4.� SEQ Table \* ARABIC \r 1 �1� - Summary of main data used in the calculation of PNECs and obtained values



Environmental compartment�NOEC range�Number�Mean�Standard deviation�Extrapolation constant�PNEC��Acidic aquatic�5000-33000 ng l-1�5�1070�365�4.47�280 ng l-1��Generalised EU aquatic�100-80000 ng l-1 �64�500�660�2.10�170 ng l-1��Acidic soil�1800-200000 (g  kg-1 dw�21�1470�580�2.49�1030 (g kg-1 dw��Generalised EU soil�2600-200000 (g  kg-1 dw�21�1680�640�2.49�1210 (g kg-1 dw��

4.9	In the absence of specific dry weight to wet weight conversions for the soils included within the toxicity database, the value of 1.13 (EC 1996b) was employed.  Therefore the PNECs for acidic soil and generalised EU soil of 912 and 1070 (g kg-1 ww respectively were obtained.

toxicity to humans

4.10	The two major routes of cadmium intake for humans are inhalation and ingestion.  The amount of cadmium absorbed depends on a number of factors such as an individual’s nutritional status, the cadmium species and in the case of inhalation the particle size.  The principal sites of cadmium accumulation in humans are the kidney and liver.  Cadmium has a very long half time of removal, with typical values of between 10 to 20 years for the kidneys and a somewhat shorter period for the liver (IARC 1993).

4.11	The chronic effects which occur in humans vary according to the exposure route.  Inhalation may cause pneumonitis which can be fatal if very severe.  The critical effect organs for systemic doses (from either inhalation or ingestion) are the kidneys, where cadmium accumulates in the renal cortex (IPCS 1992b).  Renal disfunction as a result of cadmium exposure may take the form of tubular injury, giving rise to protienuria, glucosuria and aminoaciduria.  This effect does not, however, give rise to any subjective symptoms or disease (Berglund et al. 1997).  Glomerular damage may also occur resulting in a decreased glomerular filtration rate (GFR), this has more significant effects on the functioning of the kidneys and can have serious health impacts.  Some studies have also associated increased cadmium dose with an increased incidence of renal stones (IPCS 1992b).  Although Berglund et al. (1997) associate cadmium dose with decreased GFR no information on the dose at which these effects occur was provided; consequently only tubular injury will be considered in determining a tolerable daily intake, although the potential for impact on the GFR should be noted.  

4.12	It has been suggested that the absorption of cadmium in humans is affected by body iron levels.  Berglund et al. (1997) report that gastrointestinal absorption rates in women with low iron levels are double those of women with adequate stores. The WHO (1984a) also report evidence of a significant increase in cadmium absorption in iron deficient women.

4.13	During the last decade the carcinogenicity of cadmium has been the subject of considerable debate. A number of studies have demonstrated that cadmium causes cancer in animals.  Cadmium exposure has been correlated with an increase in lung cancer in several studies, however in most studies the excess is not significant (WHO 1987).  Thun et al. (1985 cited in WHO 1987) have reported a significant excess of lung cancer in workers exposed to high concentrations of cadmium oxide fume and dust.  Exposure to elevated concentrations of cadmium has also been linked to an increased occurrence of prostatic cancer in a number of studies.  However, the evidence to substantiate this link remains tenuous.  The IARC (1993) concluded that there was sufficient evidence to classify cadmium as a human carcinogen (category 1), however, the validity of this conclusion has been questioned.  The WHO, KEMI and EC consider that there is insufficient evidence to classify cadmium as a human carcinogen (as IARC have suggested (IARC 1993)).  Berglund et al. (1997) suggest that in the light of recent re-evaluations of the available data cadmium should be classified as a probable carcinogen (Group 2A).  

4.14	A provisional tolerable weekly intake (PTWI) of 7 (g Cd kg-1 body weight per week has been proposed by the Joint FAO/WHO Expert Committee on Food Additives (WHO, 1989 cited in IARC, 1993); for a 70 kg individual this results in a tolerable intake of 490 (g week-1 or 70 (g day-1.  Recent research by Berglund et al. (1997) has suggested that this value is too high to provide comprehensive support to the entire population, they suggest a revision of the PTWI to 30 (g d-1 or below.  At present there does not appear to be sufficient evidence to link significant health effects (especially decrease in GFR) to exposures below 70 (g d-1.  The current PTWI is employed in this study.

Exposure through drinking water

4.15	Background concentrations of cadmium in water are normally low and water treatment processes are reasonably efficient at removing cadmium from water.  Consequently drinking water usually contains very low levels of cadmium, i.e. less than 1µg l-1 (WHO 1984a).  Elevated cadmium concentrations in water are normally associated with plated plumbing fittings, silver-based solders and galvanised iron piping.  The WHO have endorsed a guideline level for cadmium in drinking water of 0.005 mg l-1 (WHO 1984b).

Exposure through ingestion

4.16	Cadmium is absorbed through the gastro-intestinal tract at about 4 to 10 per cent with an average of 5 per cent (Nordberg 1996).  The lowest recorded LOAEL was observed in a Japanese community which consumed 140 to 260 (g of cadmium per day for life (IPCS 1992b), which is equivalent to between 980 and 1820 (g week-1 or 14 to 26 (g kg-1 body weight per week. This level of exposure resulted in renal disfunction (Nordberg 1996). The case study represents a worst case example as the exposure occurred over a lifetime and at a constant high level of cadmium consumption.  Furthermore, the rice consumed by the population was low in zinc. The low zinc concentrations compared to high cadmium concentrations in rice causes increased uptake and toxicity (Chaney et al. 1996).

�Exposure though inhalation

4.17	Atmospheric exposure is affected by the size and solubility of the cadmium containing particles and the depth and rate of breathing (WHO 1984).  On average between 15 to 30 per cent of the total amount of inhaled cadmium is absorbed through the pulmonary system (Jackson and Alloway 1992), with an estimated average value of 25 per cent (IPCS 1992b).  Tobacco contains cadmium and smoking may significantly contribute to total uptake (WHO 1987).  Adverse effects associated with cadmium inhalation occur predominantly in the kidneys (i.e. renal tubular and glomerular disfunction) and lungs (i.e. chronic obstructive airway disease and possibly lung cancer) (IPCS 1992b). The WHO (1987) have recommended that an ambient air concentration of 0.2 µg m-3 would protect against renal effects.  The WHO (1987) have set an air quality guideline of 5 ng m-3 for cadmium and cadmium compounds.  It has been observed that workers exposed to cadmium concentrations of between 20 to 50 (g m-3  for 10 to 20 years exhibited an increased occurrence of low molecular weight proteinuria (IPCS 1992b). The chronic effects LOAEL for inhaled cadmium is therefore 20 (g m-3. For carcinogenic effects the TD0.05 for cadmium is 5.1 (g m-3 (Krewski et al. 1997).  The eight hour fatal dose of inhaled cadmium is 5 mg m-3 and the acute NOEC is 3 mg m-3 (ECB 1996).

4.18	Occupational exposure limits for cadmium in the EU range between 0.01 and 0.05 mg m-3 as an eight hour time weighted average (IARC 1993), the value of the standard varies depending on the cadmium species being considered.  Some Member States (e.g. France, and Finland) aim for zero levels, but this is considered to be impractical and so is not considered.  The most stringent standards identified were those in Finland, where it is stipulated that exposure to cadmium and its compounds should not exceed 0.02 mg m-3, whilst for cadmium oxide exposure should not exceed 0.01 mg m-3.

Dermal exposure

4.19	No data for the toxicity of cadmium via dermal exposure are recorded. Cadmium is only absorbed though the skin if it is in solution, and even then only 1.8 per cent is absorbed (IPCS 1992b). Cadmium absorption through the skin is unlikely to occur in occupational situations.

�Total exposure

4.20	The LOAEL for total exposure of cadmium in the environment is 140 (g Cd day-1 (IPCS 1992b).  This value is derived from studies on the lifetime exposure of Japanese individuals detailed in the section on exposure through ingestion.  This value includes intake of cadmium from all possible sources and through both inhalation and ingestion.

Toxicity of cadmium sulphide

4.21	It has been reported in a number of experiments that cadmium sulphide has a relatively low bioavailability, which is probably attributable to its low solubility. An oral LD50 of greater than 5000 mg kg-1 has been reported in rats, while the oral LD50 for cadmium oxide in rats is 72 mg kg-1 (Fielder and Dale 1983 cited in Krajnc et al. 1987).  Low levels of cadmium were found to accumulate in the kidneys of Winstar rats which had been exposed to cadmium sulphide, with the majority of cadmium being cleared from the lungs and excreted in faeces (Klimisch 1993 cited in ECB 1996).  Winstar rats exposed by inhalation to cadmium sulphide aerosols (a mixture of cadmium sulphide and sulphate) at a concentration of 1 mg m-3 had cytosol cadmium concentrations similar to those resulting from exposure to 0.1 mg m-3 of cadmium oxide (IARC 1993).  Monkeys did not accumulate cadmium in the kidneys after inhalation of cadmium sulphide dust, but did accumulate cadmium after exposure to cadmium oxide (Oberdörster and Cox 1989 cited in IARC 1993).  In contrast Glaser et al. (1990 cited in ECB 1996) observed little difference in the bioavailability of various cadmium compounds, including cadmium sulphide, in Winstar rats.  The weight of evidence, however, would strongly suggest that accumulation of cadmium sulphide is much lower than for compounds such as cadmium oxide.

4.22	Cadmium sulphide has been classified as a category 3 carcinogen, whilst cadmium oxide and cadmium sulphate are category 2 carcinogens.  This lower classification reflects the fact that there is less toxicological data available for human exposure to cadmium sulphide (HSE 1995).  With regards to genetic toxicity, cadmium sulphide has been shown to induce positive results in human leukocyte cells, ovary cells of Chinese hamsters and embryo cells of Syrian hamsters (IARC 1993).  Exposure to cadmium sulphide has been observed to cause local sarcomas in rats, malignant lung tumours (exposure to a mixture of cadmium sulphide and sulphate) and, in a single study, malignant tumours within the peritoneal cavity (IARC 1993).

Toxicity of cadmium laurate and stearate

4.23	There exists very limited information regarding the toxicity of cadmium stearate and cadmium laurate.  Suzuki et al. (1965) investigated the effects of exposure to cadmium stearate dust in a vinyl chloride film manufacturing plant.  Proteinuria was recorded in 58 per cent of the 19 persons exposed to cadmium stearate and in 17 per cent of the control group.  A slight increase in urinary cadmium concentrations was also recorded.  Respiratory hypofunction was not observed and the authors postulate that cadmium stearate may have a less severe effect on the lungs than cadmium metal or oxide.  The authors also suggest that cadmium stearate may be relatively slowly excreted in urine in comparison with certain other cadmium compounds and they cite the work of Yoshikawa et al. (1960) as further evidence for this assertion.

	�5.	risks from cadmium in products

continental and regional scales

5.1	Section 3 provided the results for the regional PECs and daily intakes for the acidic region arising from all three products (Table 3.11).  Table 5.1 provides the risk characterisation for regional risks to the environment and to man through the environment from cadmium arising from all three products for the acidic region.

Table 5.� SEQ Table \* ARABIC \r 1 �1� - Risk characterisation for regional risks arising from all three products for the acidic region



Compartment�PEC/Intake�PNEC/TDI�RCR/Ratio��Terrestrial (Natural and urban soil)�730 (g kg-1 ww�912 (g kg-1 ww�0.80��Aquatic (Surface water - available)�8.3 ng l-1�280 ng l-1�0.030��Man�15 (g d-1�70 (g d-1�0.21��

5.2	In addition, the regional PEC for atmosphere of 0.4 ng m-3 (Table 3.11) is less than the WHO air quality guideline value of 5 ng m-3 for cadmium and its compounds, and the regional PEC for surface water - total of 21 ng l-1 (Table 3.11) is less than the guideline level for cadmium in drinking water of 0.005 mg l-1 endorsed by the WHO.  These results indicate that the regional risks for man and the environment arising from all three products for the acidic region are acceptable.

local scale

5.3	Section 3 provided the results for the local concentrations of cadmium arising from the products.

Cadmium pigment production

5.4	It is not possible to provide the risk characterisation for local risks to the environment and to man through the environment from cadmium arising from pigment preparation facilities.  This is because it was not possible to determine the local PECs and daily intakes in the vicinity of these facilities, as regional PECs for the generalised EU environment have not been calculated.

5.5	It is also not possible to comment on the local risks to the environment and to man through the environment from cadmium arising from facilities using pigments.  This is because it is not possible to provide the risk characterisation for local risks from cadmium arising from facilities using pigments.  However, as stated in Section 2, the total losses of cadmium to the environment from the use of pigments are negligible compared with the losses from a single pigment preparation facility.

Cadmium stabiliser production

5.6	It is not possible to provide the risk characterisation for local risks to the environment and to man through the environment from cadmium arising from stabiliser preparation facilities.  This is because it was not possible to determine the local PECs and daily intakes in the vicinity of these facilities, as regional PECs for the generalised EU environment have not been calculated.

5.7	It is also not possible to comment on the local risks to the environment and to man through the environment from cadmium arising from facilities using stabilisers.  This is because it is not possible to provide the risk characterisation for local risks from cadmium arising from facilities using stabilisers.  However, as stated in Section 2, the total losses of cadmium to the environment from the use of stabilisers are assumed to be negligible compared with the losses from a single stabiliser preparation facility.

Cadmium plating

5.8	For plating facilities it is only possible to provide the risk characterisation for local risks to the environment from cadmium for the acidic environment.  This is because it was not possible to determine the local PEC in the vicinity of these facilities for the generalised EU environment, as the regional PECs for the generalised EU environment have not been calculated.  Table 5.2 provides the risk characterisation for local risks to the environment from cadmium arising from plating facilities for the acidic environment.

 Table 5.� SEQ Table \* ARABIC �2� - Risk characterisation for local risks arising from plating facilities for the acidic environment



Compartment�PEC�PNEC�RCR��Aquatic (Surface water for exposure of biota - available)�98 ng l-1�280 ng l-1�0.35��

5.9	The above result indicates that the local risks to the environment arising from plating facilities in the acidic environment are acceptable.

In the vicinity of incinerators

5.10	For incineration it is only possible to comment on the local risks to man and to the environment from cadmium for the acidic environment.  This is because it was not possible to determine the local PEC in the vicinity of incinerators for the generalised EU environment, as the regional PECs for the generalised EU environment have not been calculated.  The local PEC for atmosphere of 0.58 ng m-3 is less than the WHO air quality guideline value of 5 ng m-3 for cadmium and its compounds.  Therefore this result indicates that the local risks to man and to the environment arising from incinerators are acceptable.

In the vicinity of landfill

5.11	Section 3 provided information concerning cadmium containing wastes and the landfill sites to which the wastes are disposed.  For municipal solid waste it is not possible to proportion the cadmium present in a landfill site or in the leachate from such a site between cadmium arising from components associated with the products and cadmium arising from other sources.  The concentration of cadmium in municipal solid waste is substantially less than the concentration of cadmium in soils above ore bodies.  The concentration of cadmium in the leachate from municipal solid waste landfill sites can exceed the guideline value of 5 (g l-1 for cadmium in drinking water endorsed by the WHO.  The long term risks associated with cadmium in these landfills are difficult to determine but recent research has suggested that the future concentration of cadmium in leachate will not differ significantly from the current concentration.  Therefore the risks from these landfills are potentially unacceptable.

5.12	The concentration of cadmium in hazardous waste is greater than the concentration in soils above ore bodies.  Hazardous waste landfills should not have any uncontrolled releases under normal circumstances.  Controlled releases can be maintained at concentrations below the drinking water criterion.  In the long term the containment of the landfills is likely to fail and it may be that leachate containing greater concentrations of cadmium will be released as the landfill matures.  It is not known whether the results of recent research on leachate from municipal solid waste are applicable to hazardous waste landfill, therefore in the long term it is possible that potentially unacceptable risks associated with these landfills may exist.  These risks cannot be quantified but assuming good practice should be small.

5.13	The concentration of cadmium in bottom ash is substantially less than the concentration of cadmium in soils above ore bodies.  Generally the leachate from monofill landfill is likely to remain alkaline.  The long term risks associated with cadmium in monofill landfill are difficult to determine, but in the light of the two previous statements the risks are considered to be broadly acceptable.

5.14	As the leachability of cadmium from PVC is low and the waste disposed of to construction and demolition waste landfills is generally of an inert nature, it is considered that the risks associated with cadmium in such landfills are broadly acceptable.

in the workplace

Cadmium pigment production

5.15	Table 5.3 provides the results for cadmium in blood concentrations for employees at pigment preparation facilities.

�Table 5.� SEQ Table \* ARABIC �3� - Cadmium in blood concentrations for employees at pigment preparation facilities



Pigment preparation facility�Cadmium in blood results��A�All results less than 5 (g l-1��B�Average result of 3.18 (g l-1��C�Average result of 4.04 (g l-1��D�All results less than the limit��Source: Pigment Manufacturers (1997)

5.16	Where a value for the limit for cadmium in blood was specified by the Pigment Manufacturers (1997), the value was 5 (g l-1.  On this basis, all blood results shown above are lower than the limit.  Pigment Manufacturer E did not provide information concerning cadmium in blood concentrations, due to confidentiality, but a maximum concentration of cadmium in air of 0.037 mg m-3 was provided for 1995 in conjunction with the information that the employees use protective equipment with a P2 filter (Pigment Manufacturers 1997).  A P2 filter provides adequate protection for workers up to 10 times the occupational exposure limit.  Therefore employing the lower end of the range of occupational exposure limits for cadmium in the EU, that is 0.01 mg m-3, the P2 filter will provide adequate protection in situations with cadmium concentration up to 0.1 mg m-3.  As the maximum concentration of cadmium in air at the facility was lower than this value, the health risks associated with pigment preparation are considered to be acceptable.

5.17	Typically, facilities using pigments have dust extraction systems in operation but cadmium is not detected on the filters in the system (Bridge 1997).  Therefore the health risks associated with pigment use are considered to be acceptable.

Cadmium stabiliser production

5.18	Table 5.4 provides the results for cadmium in blood concentrations for employees at stabiliser preparation facilities.



�Table 5.� SEQ Table \* ARABIC �4� - Cadmium in blood concentrations for employees at stabiliser preparation facilities



Stabiliser preparation facility�Cadmium in blood results��F�All results negative��G�Maximum result of 4.9 (g l-1��H�All results normal��I�All results less than 1 (g l-1��J �Maximum result of 0.25 (g l-1��Source: Stabiliser Manufacturers (1997)

5.19	Where a value for the limit for cadmium in blood was specified by the Stabiliser Manufacturers (1997), the value was 15 (g l-1.  However, this value is greater than the limit of 5 (g l-1 for cadmium in blood specified by the Pigment Manufacturers (1997).  The lower of these values was selected for comparison purposes.  On this basis, it is possible that some of the blood results shown above are greater than the limit.  Stabiliser Manufacture K did not provide information concerning cadmium in blood concentrations or cadmium in air concentrations, but did provide the information that employees used protective equipment (Stabiliser Manufacturers 1997).  In the absence of information concerning a cadmium in air concentration and the type of protective equipment employed it is not possible to comment on the exposure level of workers.  Therefore it is considered that there may be unacceptable risks to health arising from stabiliser preparation.

5.20	Table 5.5 provides the results for cadmium in blood concentrations for employees at stabiliser mixing facilities.

Table 5.� SEQ Table \* ARABIC �5� - Cadmium in blood concentrations for employees at stabiliser mixing facilities



Stabiliser mixing facility�Cadmium in blood results��L�Maximum result 3.3 (g l-1��M�Maximum result 0.21 (g l-1��5.21	Where a value of the limit for cadmium in blood was specified by the Stabiliser Manufacturers (1997), the value was 15 (g l-1.  However this value is greater than the limit of 5 (g l-1 for cadmium in blood specified by the Pigment Manufacturers (1997).  The lower of these values was selected for comparison purposes.  On this basis, both blood results shown above are lower than the limit. Therefore the health risks associated with stabiliser mixing are considered to be acceptable.

5.22	Monitoring of cadmium in blood at a window profile manufacturing facility produced a not detected result.  Therefore the health risks associated with the use of stabilisers are considered to be acceptable.

Plating

5.23	The cadmium concentration in air in plating facilities is approximately 1 (g m-3 (Morrow 1998).  Employing the lower end of the range of occupational exposure limits for cadmium in the EU, that is 0.01 mg m-3, the concentration of cadmium in air in plating facilities is lower than this value.  Therefore the health risks associated with plating are considered to be acceptable.

	�6.	conclusions

6.1	This part of the report has considered the life cycle of certain products and assessed the risks to the environment and to health arising from cadmium in these products.  The products are those involving cadmium as a pigment in polymers, as a stabiliser in PVC and for metal plating.  The assessment has been conducted according to the principles laid down in the Technical Guidance Document in support of Commission Directive 93/67/EEC on risk assessment for new notified substances and Commission Regulation (EC) No 1488/94 on risk assessment of existing substances.

6.2	The losses of cadmium to the environment from the products have been reviewed and summarised.  These losses have been employed in the calculation of the continental concentrations of cadmium for a generalised EU environment and the PECs and daily intake of cadmium for an acidic region.  The results obtained for the acidic region were compared with measured concentrations of cadmium in acidic regional environments in order to derive regional PECs and daily intake for all three products to be employed in the assessment of risks.  The losses of cadmium were also employed in the calculation of the PECs for cadmium for the local environment in the vicinity of preparation facilities and incinerators.  In addition, local PECs in the vicinity landfill were considered.

6.3	The results of the assessment indicated that the regional risks for man and the environment arising from all three products for the acidic environment were acceptable.  It was not possible to provide the risk characterisation for the local risks arising from pigment production because regional PECs for the generalised EU environment have not been derived.  In addition for the same reason, it was not possible to provide the risk characterisation for the local risks arising from stabiliser production.  For plating facilities it was only possible to provide the risk characterisation for local risks to the environment for the acidic environment, because regional PECs for the generalised EU environment have not been derived.  Local risks to the environment arising from plating facilities for the acidic environment were acceptable.

6.4	For incinerators it was only possible to comment on the local risks to the man and the environment for the acidic environment because regional PECs for the generalised EU environment have not been derived.  In the case of the acidic environment the local risks to man and the environment were found to be acceptable.  The risks from municipal landfill sites were found to be potentially unacceptable, however it is not possible to proportion the cadmium present in a landfill or in the leachate from such a site between cadmium arising from components associated with the products and cadmium arising from other sources.  For hazardous waste landfill sites in the long term, assuming good practice, the risks were considered to be small.  The long term risks from monofill landfill sites were considered to be broadly acceptable, as were the risks associated with construction and demolition waste landfills.

6.5	In the workplace, the health risks associated with pigment production were considered to be acceptable.  For stabiliser preparation it was considered that there may be unacceptable risks to health, whilst the health risks associated with stabiliser mixing and use were considered to be acceptable.  In addition, the health risks associated with plating were considered to be acceptable.

6.6	The regional PECs for the generalised EU environment are derived in the additional assessment of the risks of cadmium contained in the products (WS Atkins 1998).  The derived regional PECs are then used in the additional assessment to provide the risk characterisation for the local risks arising from pigment production, stabiliser production and for plating facilities and incinerators for the generalised EU environment.  The overall conclusions arising from the additional assessment and the assessment that has been undertaken in Part I of this report are presented in the additional assessment.
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APPENDIX A

DATA PROVIDED BY INDUSTRY EMPLOYED IN THE ASSESSMENT�A.	data provided by industry employed in the assessment

�pigments

Table � STYLEREF 1 \n �A�.� SEQ Table \* ARABIC \r 1 �1� - Data for pigment preparation



Pigment preparation facility�Production�Losses to air�Losses to water�Losses to solid waste��A�230 d a-1�1.15 kg Cd a-1�0.60 kg Cd a-1

0.020 mg Cd l-1

131 m3 d-1

receiving water flow: 6 Ml d-1�180 kg Cd a-1��B�231 d a-1�1.66 kg Cd a-1�4.02 kg Cd a-1

2.2 mg Cd m-3

213 m3 h-1

receiving water flow: 58.4 m3 s-1�49 kg Cd a-1 calculated using maximum value of the ratio of losses to solid waste and production for pigment manufacturers��C�276 d a-1�3.6 kg Cd a-1�5.9 kg Cd a-1

0.08 mg Cd l-1

2.3 l  s-1

receiving water flow: 135 Ml d-1�68.2 kg Cd a-1��D�230 d a-1�5.3 kg Cd a-1 calculated using maximum value of the ratio of losses to air and production for pigment manufacturers�0.9 kg Cd a-1

0.027 mg Cd l-1

300000 m3 a-1

dilution factor: 252�155 kg Cd a-1 calculated using maximum value of the ratio of losses to solid waste and production for pigment manufacturers��E�145 d a-1�0.2 kg Cd a-1�13.4 kg Cd a-1

0.044 mg Cd l-1

307500 m3 a-1

receiving water flow: 1040 m3 s-1�102 kg Cd a-1 calculated using maximum value of the ratio of losses to solid waste and production for pigment manufacturers��

�stabilisers

Table � STYLEREF 1 \n �A�.� SEQ Table \* ARABIC �2� - Data for stabiliser preparation



Stabiliser preparation facility�Production�Losses to air�Losses to water�Losses to solid waste��F�20 d a-1�0.09 kg Cd a-1�0.03 kg Cd a-1

0.001 mg Cd l-1

29800 m3 a-1

receiving water flow: 8.4 m3 s-1�0.42 t Cd a-1��G�48 d a-1�0.8 kg Cd a-1�0.5 kg Cd a-1

0.013 mg Cd l-1

35952 m3 a-1

to sewer�1.8 t Cd a-1��H�60 d a-1�0.5 kg Cd a-1�0.78 kg Cd a-1

0.008 mg Cd l-1

154279 m3 a-1

receiving water flow: 94608000  m3 a-1�1 t Cd a-1��I�NA�0.1 kg Cd a-1�0.1 kg Cd a-1

to sewer�1.8 t Cd a-1 assumed as maximum loss to solid waste for stabiliser manufacturers��J�13 d a-1�0.7 kg Cd a-1�none�1.8 t Cd a-1 assumed as maximum loss to solid waste for stabiliser manufacturers��K�12 d a-1�0.04 kg Cd a-1�4.1 kg Cd a-1

to sewer�1.8 t Cd a-1 assumed as maximum loss to solid waste for stabiliser manufacturers��

�Table � STYLEREF 1 \n �A�.� SEQ Table \* ARABIC �3� - Data for stabiliser mixing



Stabiliser mixing facility �Production�Losses to air�Losses to water�Losses to solid waste��L�NA�No data but air filtered�None�0.7 t Cd a-1��M�NA�None�None�0.2 kg Cd a-1��

Table � STYLEREF 1 \n �A�.� SEQ Table \* ARABIC �4� - Data for a window profile manufacture





Production�Losses to air�Losses to water�Losses to solid waste��350 d a-1�No data but manufacturer assumes no discharge�None�NA���













APPENDIX B

EQUATIONS USED IN CALCULATIONS FOR CONTINENTAL AND REGIONAL SCALES�B.	EQUATIONS USED IN CALCULATIONS FOR CONTINENTAL AND REGIONAL SCALES

The equations used in the assessment are taken or adapted from the Technical Guidance Document (EC 1996a) and EUSES, the European Union System for the Evaluation of Substances (EC 1996b).  The equations used to calculate the concentrations for the continental and regional scales are as described below.  The numbers shown prior to the equations refer to the equation numbers in EUSES.

The units for soil, sediment and biota are all in terms of wet or fresh weight.

Release of cadmium at different scales

The release of cadmium at the continental and regional scales is derived by multiplying the total EU loss of cadmium by an appropriate scaling factor:

RELEASEscalecomp = LOSScomp x Fscale

comp = air, water or soil

scale = regional (reg) or continental (cont)

Input: 

LOSScomp�Total EU loss�?�t Cd a-1��Fcont�Fraction at the continental scale�0.9�-��Freg�Fraction at the regional scale�0.1�-��

Output:

RELEASEcontcomp�Continental release�?�t Cd a-1��RELEASEregcomp�Regional release�?�t Cd a-1��

concentration in Atmosphere

The volume of air is derived from the area of the continent or region and the mixing height of the atmosphere:

VOLscaleair = AREAscale x HEIGHTair x 106

scale = cont or reg

Input:

AREAcont�Area of continental system�3.56 x 106�km2��AREAreg�Area of regional system�4.00 x 104�km2��HEIGHTair�Mixing height of atmosphere�1000�m��Output:

VOLcontair�Volume of continental atmosphere�3.56 x 1015�m3��VOLregair�Volume of regional atmosphere�4.00 x 1013�m3��

The concentration in atmosphere is derived by assuming that the cadmium released to the atmosphere is distributed evenly throughout the atmosphere at the considered scale and accumulates for the residence time of cadmium in atmosphere:

Ccontair = RELEASEcontair x TAUcontair x 109

VOLcontair	

Cregair = RELEASEregair x TAUregair x 109

VOLregair	

�Input:

RELEASEscaleair�Release of cadmium to air at the relevant scale�?�t Cd a-1��TAUcontair�Residence time at the continental scale�0.0178�a��TAUregair�Residence time at the regional scale�0.00192�a��VOLcontair�Volume of continental atmosphere�3.56 x 1015�m3��VOLregair�Area of regional atmosphere�4.00 x 1013�m3��Output:

Ccontair�Concentration in the atmosphere at the continental scale�?�mg Cd m-3��Cregair�Concentration in the atmosphere at the regional scale�?�mg Cd m-3��

Concentration in soil

Input to soil includes the release of cadmium to soil, the release of cadmium to agriculture via sewage, and deposition of cadmium from atmosphere.

The release of cadmium to soil is distributed between agricultural soil, and natural and urban soil in the ratio of the surface areas.

RELEASEscalecomp	=	 Fcomp	x	RELEASEscalesoil�				  Fsoil

Input:

Fagric�Fraction of surface area that is agricultural soil�0.27�-��Fnatural �Fraction of surface area that is natural and urban soil�0.7�-��Fsoil�Fraction of surface area that is soil�0.97�-��RELEASEscalesoil�Release of cadmium to soil at the relevant scale�?�t Cd a-1��

�Output:

RELEASEscaleagric�Release of cadmium to agricultural soil at the relevant scale�?�t Cd a-1��RELEASEscalenatural�Release of cadmium to natural or urban soil at the relevant�?�t Cd a-1��

It is assumed that the release of cadmium to agriculture via sewage is distributed only on agricultural land.

It is assumed that all cadmium released to the atmosphere is deposited within the scale under consideration.  This will result in over estimates at the regional scale as in reality some cadmium will be transported to adjacent regions.  It is assumed therefore that gain from adjacent regions is equal to the loss to adjacent regions.

Deposition can either be dry or wet deposition.  A fraction of the wet deposition is assumed to run off from soil, this fraction is derived by employing the fraction of rainwater running off soil:

DRYscalecomp = RELEASEscaleair x PROPdry x Fcomp

WETscalecomp = RELEASEscaleair x PROPwet x Fcomp x (1 - Frunoffwet)

scale = cont or reg

comp = agric or natural

Input:

RELEASEscaleair�Release of cadmium to air at the relevant scale�?�t Cd a-1��PROPdry�Proportion of deposition that is dry�0.45�-��PROPwet��Proportion of deposition that is wet�0.55�-��Fagric�Fraction of surface area that is agricultural soil�0.27�-��Fnatural�Fraction of surface area that is natural or urban soil�0.7�-��Frunoffwet�Fraction of cadmium from wet deposition in runoff�0.25�-���Output:

DRYscalecomp�Dry deposition to soil at the relevant scale�?�t Cd a-1��WETscalecomp�Wet deposition to soil at the relevant scale�?�t Cd a-1��

The total deposition to soil is therefore:

DEPscalecomp = DRYscalecomp + WETscale�comp

scale = cont or reg

comp = agric or natural

	Input:

DRYscalecomp�Dry deposition to soil at the relevant scale�?�t Cd a-1��WETscalecomp�Wet deposition to soil at the relevant scale�?�t Cd a-1��	Output:

DEPscalecomp�Total deposition to soil at the relevant scale�?�t Cd a-1��

Soil volume is derived from soil area and mixing depth:

VOLscalecomp = AREAscale x Fcomp x DEPTHcomp x 106

scale = cont or reg

comp = agric or natural

Input:

AREAcont�Area of continental system�3.56 x 106�km2��AREAreg�Area of regional system�4.00 x 104�km2��Fagric�Fraction of surface area that is agricultural soil�0.27�-��Fnatural�Fraction of surface area that is natural and urban soil�0.7�-��DEPTHagric�Mixing depth of agricultural soil�0.2�m��DEPTHnatural�Mixing depth of natural and urban soil�0.05�m���Output:

VOLcontagric�Volume of agricultural soil on a continental scale�1.92 x 1011�m3��VOLcontnatural�Volume of natural and urban soil on a continental scale�1.25 x 1011�m3��VOLregagric�Volume of agricultural soil on a regional scale�2.16 x 109�m3��VOLregnatural�Volume of natural and urban soil on a regional scale�1.40 x 109�m3��

Soil density is obtained as follows (14):

RHOsoil = (Fsolidsoil x RHOsolid) + (Fwatersoil x RHOwater) + (Fairsoil x RHO�air)

Input:

Fsolidsoil�Volume fraction of solids in soil�0.6�-��Fwatersoil�Volume fraction of water in soil�0.2�-��Fairsoil�Volume fraction of air in soil�0.2�-��RHOsolid�Density of the solid phase�2500�kg m-3��RHOwater�Density of the water phase�1000�kg m-3��RHOair�Density of the air phase�1.3�kg m-3��Output:

RHOsoil�Wet bulk density of soil�1700�kg m-3��

Soil concentrations are derived from total cadmium input to soil assuming that it is evenly distributed across the volume of the soil compartment and accumulates over the residence time of cadmium in soil.  The additional factor of soil density is included to convert to a concentration per unit weight.

Ccontagric = TAUenvsoil x 109 x ( DEPcontagric + RELEASEcontsewage + RELEASEcontagric)

RHOsoil x VOLcontagric

	soil x VOLcontagric

Cregagric = TAUenvsoil x 109 x ( DEPregagric + RELEASEregsewage + RELEASEregagric)

						RHOsoil x VOLregagric

and

Ccontnatural = TAUenvsoil x 109 x	( DEPcontnatural + RELEASEcontnatural )

					    RHOsoil x VOLcontnatural

Cregnatural =  TAUenvsoil x 109 x	 ( DEPregnatural + RELEASEreg�natural)

							    RHOsoil x VOLregnatural

env = generalised EU or acidic environment

Input:

DEPcontagric�Input to agricultural soil from deposition at the continental scale�?�t Cd a-1��DEPcontnatural�Input to natural and urban soil from deposition at the continental scale�?�t Cd a-1��DEPregagric�Input to agricultural soil from deposition at the regional scale�?�t Cd a-1��DEPregnatural�Input to natural and urban soil from deposition at the regional scale�?�t Cd a-1��RELEASEcontsewage�Release of cadmium to agriculture via sewage at the continental scale�?�t Cd a-1��RELEASEregsewage�Release of cadmium to agriculture via sewage at the regional scale�?�t Cd a-1��RELEASEcontagric�Release of cadmium to agricultural soil at the continental scale�?�t Cd a-1��RELEASEcontnatural�Release of cadmium to natural and urban soil at the continental scale�?�t Cd a-1��RELEASEregagric�Release of cadmium to agricultural soil at the regional scale�?�t Cd a-1��RELEASEregnatural�Release of cadmium to natural and urban soil at the regional scale�?�t Cd a-1��RHOsoil�Wet bulk density of soil�1700�kg m-3��TAUgeneralsoil�Residence time of cadmium in soil in the generalised EU environment�100�a��TAUacidicsoil�Residence time of cadmium in soil in the acidic environment�10�a��VOLcontagric�Volume of agricultural soil on a continental scale�1.92 x 1011�m3��VOLcontnatural�Volume of natural and urban soil on a continental scale�1.25 x 1011�m3��VOLregagric�Volume of agricultural soil on a regional scale�2.16 x 109�m3��VOLregnatural�Volume of natural and urban soil on a regional scale�1.40 x 109�m3��Output:

Ccontagric�Concentration in agricultural soil at the continental scale�?�mg Cd kg-1��Cregagric�Concentration in agricultural soil at the regional scale�?�mg Cd kg-1��Ccontnatural�Concentration in natural and urban soil at the continental scale�?�mg Cd kg-1��Cregnatural�Concentration in natural and urban soil at the regional scale�?�mg Cd kg-1��

concentration in surface water

Input into surface water includes the release of cadmium to watercourses, deposition from atmosphere and runoff from soil.

It is assumed that all cadmium released to the atmosphere is deposited within the scale under consideration.  Total deposition is required:

DEPscalewater = RELEASEscaleair x Fwater

scale = cont or reg

Input:

RELEASEscaleair�Release of cadmium to air at the relevant scale�?�t Cd a-1��Fwater�Fraction of surface area that is surface water�0.03�-��Output:

DEPscalewater�Deposition to surface water at the relevant scale�?�t Cd a-1��

Input from soil runoff is derived from cadmium deposited on the soil by wet deposition multiplied by the fraction of rainwater running off soil:

RUNOFFscalesoil = RELEASEscaleair x PROPwet x Fsoil x Frunoffwet

�Input:

RELEASEscaleair�Release of cadmium to air at the relevant scale�?�t Cd a-1��PROPwet�Proportion of deposition that is wet deposition�0.55�-��Fsoil�Fraction of surface area that is soil�0.97�-��Frunoffwet�Fraction of cadmium from wet deposition in runoff�0.25�-��Output:

RUNOFFscalesoil�Total cadmium in runoff from soil to water�?�t Cd a-1��

Water volume is derived from water area and water depth:

VOLscalewater = AREAscale x Fwater x DEPTHwater x 106

scale = cont or reg

Input:

AREAcont�Area of continental system�3.56 x 106�km2��AREAreg�Area of regional system�4.00 x 104�km2��Fwater�Fraction of surface area that is surface water�0.03�-��DEPTHwater�Average depth of surface water�3�m��Output:

VOLcontwater�Volume of surface water at a continental scale�3.20 x 1011�m3��VOLregwater�Volume of surface water at a regional scale�3.60 x 109�m3��

Surface water concentration is derived from total cadmium input evenly distributed across the volume of the water compartment. Total input to water is:

INPUTscalewater = RUNOFFscalesoil + DEPscalewater + RELEASEscalewater

scale = cont or reg

Input:

RUNOFFscalesoil�Total cadmium in run off from soil to water�?�t Cd a-1��DEPscalewater�Deposition to surface water at the relevant scale�?�t Cd a-1��RELEASEscalewater�Release of cadmium to watercourses at the relevant scale�?�t Cd a-1��Output:

INPUTscalewater�Total input of cadmium to water at the relevant scale�?�t Cd a-1��

The concentration in water is therefore a function of cadmium input and the residence time of cadmium in water.  It is assumed that a litre of water is equivalent to a kilogram of water.

Ccontwater = 106 x TAUcontwater x INPUTcontwater

					VOLcontwater

Cregwater = 106 x TAUregwater x INPUTregwater

					VOLregwater

Input:

INPUTcontwater�Input of cadmium to surface water at the continental scale�?�t Cd a-1��INPUTregwater�Input of cadmium to surface water at the regional scale�?�t Cd a-1��TAUcontwater�Residence time of cadmium in water at the continental scale�0.455�a��TAUregwater�Residence time of cadmium in water at the regional scale�0.11�a��VOLcontwater�Volume of surface water at a continental scale�3.20 x 1011�m3��VOLregwater�Volume of surface water at a regional scale�3.60 x 109�m3��Output:

Ccontwater�Concentration in surface water at the continental scale�?�mg Cd l-1��Cregwater�Concentration in surface water at the regional scale�?�mg Cd l-1��

�Available cadmium concentrations in water are then calculated as the concentration of cadmium in water multiplied by the available fraction.  A value of 0.1 for the available fraction is assumed for the generalised EU environment.  A value of 0.9 for the available fraction is assumed for the acidic environment.

concentration in sediment

Input into sediment is exclusively from surface water. It is assumed that all cadmium entering surface water will eventually be fixed in sediment. It is assumed that no cadmium is lost from the system by transport into the marine environment. The volume of sediment is a function of the area of surface water and the depth of sediment considered:

VOLscalesed = AREAscale x Fwater x DEPTHsed x 106

scale = cont or reg

Input:

AREAcont�Area of continental system�3.56 x 106�km2��AREAreg�Area of regional system�4.00 x 104�km2��Fwater�Fraction of surface area that is surface water�0.03�-��DEPTHsed�Average depth of sediment�0.03�m��Output:

VOLcontsed�Volume of sediment at a continental scale�3.20 x 109�m3��VOLregsed�Volume of sediment at a regional scale�3.60 x 107�m3��

Sediment density is calculated from the following equation (15):

RHOsed = (Fsolidsed x RHOsolid) + (Fwatersed x RHOwater)

Input:

Fsolidsed�Volume fraction of sediment that is solid�0.2�-��Fwatersed�Volume fraction of sediment that is water�0.8�-��RHOsolid�Density of the solid phase�2500�kg m-3��RHOwater�Density of the liquid phase�1000�kg m-3��Output:

RHOsed�Wet bulk density of sediment�1300�kg m-3��

Sediment concentration is derived from total cadmium input to water evenly distributed across the volume of the sediment compartment and accumulating over the residence time of cadmium in sediment.  The addition factor of sediment density is included to convert to a concentration per unit weight.  The concentration in sediment is therefore:

Ccontsed = 109 x TAUsed x ( INPUTcontwater )

					RHOsed x VOLcontsed

Cregsed = 109 x TAUsed x ( INPUTregwater )

				         RHOsed x VOLregsed

Input:

INPUTcontwater�Input of cadmium to surface water at the continental scale�?�t Cd a-1��INPUTregwater�Input of cadmium to surface water at the regional scale�?�t Cd a-1��TAUsed�Residence time of cadmium in sediment�30�a��VOLcontsed�Volume of sediment at a continental scale�3.20 x 109�m3��VOLregsed�Volume of sediment at a regional scale�3.60 x 107�m3��RHOsed�Wet bulk density of sediment�1300�kg m-3��Output:

Ccontsed�Concentration in sediment at the continental scale�?�mg Cd kg-1��Cregsed�Concentration in sediment at the regional scale�?�mg Cd kg-1��

�concentrations in biota

Concentrations in aquatic biota are derived using the concentration of available cadmium in surface water which is obtained by multiplying the concentration of cadmium by the fraction of available cadmium in water, as bioconcentration factors for fish are given in terms of available cadmium.  It is assumed that a litre of water is equivalent to a kilogram of water.  The concentration in aquatic biota is derived by multiplying the available cadmium by the bioconcentration factor.

Cscalefish	=	Cscalewater x Favailableenv x BCFfishenv

	scale = cont or reg

	env = generalised EU or acidic environment

	Input:

Cscalewater�Concentration in surface water at the relevant scale�?�mg Cd kg-1��Favailablegen�Fraction of available cadmium in water for generalised EU environment�0.1�-��Favailableacid�Fraction of available cadmium in water for acidic environment�0.9���BCFfishgen�Bioconcentration factor for fish on a wet weight basis in generalised EU environment�38���BCFfishacid�Bioconcentration factor for fish on a wet weight basis in acidic environment�750�-��

	Output:

Cscalefish�Concentration in fish at the relevant scale�?�mg Cd kg-1��

Terrestrial biota bioaccumulation factors are given in terms of total soil concentrations.  Crops are assumed to be influenced by concentrations in agricultural soil whilst grass is assumed to be influenced by concentrations in natural soil.  The concentration in terrestrial biota is derived by multiplying the total soil concentration by the bioconcentration factor.

Cscalebiota = Cscalecomp x BAFenvbiota

scale = cont or reg

comp = agric or natural

biota = crop or grass

env = generalised EU or acidic environment

Input:

Cscalecomp�Concentration in soil in the relevant environmental compartment�?�mg Cd kg-1��BAFgencrop or grass�Bioaccumulation factor for plants on a fresh weight plant wet weight soil basis for the generalised EU environment�0.18���BAFacidcrop or grass�Bioaccumulation factor for plants on a fresh weight plant wet weight soil basis for the acidic environment�0.88�-��Output:

Cscalebiota�Concentration in biota at the relevant scale�?�mg Cd kg-1��

concentrations in meat and milk

The calculation of concentrations in meat and milk is more complex as cattle intake cadmium from a number of different media: drinking water; inhaled air; foraged grass; and foraged soil.  It is assumed that cattle live on grassland which is considered as growing on natural soil.  Total cadmium concentrations in all compartments are used.

Cscalecomp = TRFcomp x (((Cscaleair, grass, soil x INTAKEair, grass, soil) + (Cscalewater x INTAKEwater x 1000))

scale = comp or reg

comp = meat or milk

Input:

Cscaleair, water, grass, soil�Concentration in compartment contributing to cadmium in cattle�?�mg Cd kg-1��INTAKEair��Intake of air�122�m3 d-1��INTAKEwater�Intake of water�0.055�m3 d-1��INTAKEgrass�Intake of grass�67.6�kg d-1��INTAKEsoil�Intake of soil�0.465�kg d-1��TRFmeat�Transfer factor to meat�0.02�d kg-1��TRFmilk�Transfer factor to milk�0.0003�d kg-1��Output:

Cscalecomp�Concentration in meat or milk�?�mg Cd kg-1��

Intake by man

The intake of cadmium by man is assessed using the regional predicted environmental concentrations (PECs).  The intake is assessed over the pathways drinking water, fish, plants, meat, milk and air.  For drinking water, fish, plants, meat and milk the daily dose for each pathway is calculated from the concentration of cadmium in the medium associated with the pathway and the daily intake of that medium.  It is assumed that a litre of water is equivalent to a kilogram of water.

DOSEpathway = PECregmedium x INTAKEmedium

pathway = drinking water, fish, plants, meat, milk

medium = drinking water, fish, plants, meat, milk

	Input:

PECregmedium�PEC in the medium at the regional scale�?�mg Cd kg-1��INTAKEdrinking water�Intake of drinking water�2�kg d-1 ��INTAKEfish�Intake of fish�0.115�kg d-1��INTAKEplants�Intake of plants�1.2�kg d-1��INTAKEmeat�Intake of meat�0.301�kg d-1��INTAKEmilk�Intake of milk�0.561�kg d-1��	�Output:

DOSEpathway�Dose for the pathway arising from the intake of the medium�?�mg Cd d-1��

For air the daily dose is calculated from the PEC for cadmium in air and the daily intake of air.

DOSEair = PECregair  x  INTAKEair

	Input:

PECregair�PEC in air at the regional scale�?�mg Cd m-3��INTAKEair�Intake of air�20�m3 d-1��

Output:

DOSEair�Dose arising from the intake of air�?�mg Cd d-1��

The total intake is calculated by summing the individual doses for each pathway.�













APPENDIX C

EQUATIONS USED IN CALCULATIONS FOR LOCAL SCALE�C.	EQUATIONS USED IN CALCULATIONS FOR LOCAL SCALE

Equations used in this assessment are taken or adapted from EUSES (EC 1996b).  The equations used to calculate concentrations for the local scale are as described below.  The numbers shown prior to the equations refer to the equations in EUSES.  The units for soil and biota are all in terms of wet weight or fresh weight.

concentrations in atmosphere

The local direct emission to air is:

Elocalair = Eannual�                     Doperation

	Input:

Eannual�Annual emission to air�?�kg Cd a-1��Doperation�Number of days operation per year�?�d a-1��	Output:

Elocalair�Local direct emission to air�?�kg Cd d-1��

The local air concentration is (60):

Clocalair = Elocalair x Cstdair x 1012

Input: 

Elocalair�Local direct emission to the air�?�kg Cd d-1��Cstdair�Concentration in air at source strength of 1 kg d-1�2.78 x 10-10�kg Cd m-3��Output:

Clocalair�Local concentration in air 100m from source�?�ng Cd m-3��

Deposition is affected by the fraction of cadmium that is aerosol bound.  It is assumed that the whole of the cadmium is aerosol bound.

concentrations in soil

The deposition of cadmium is as follows (62):

DEPtotal = Elocalair x (Fassaer x DEPstdaer + (1-Fassaer) x DEP stdgas)

Input:

Elocalair�Local direct emission to the air�?�kg Cd d-1��Fassaer�Fraction of cadmium associated with aerosol particles�1�-��DEPstdaer�Standard deposition flux of aerosol-bound compounds at a source strength of 1 kg d-1�10-8�kg m-2 d-1��DEPstd�gas�Standard deposition flux of gaseous compounds with a 10log HENRY <-2 at a source strength of 1 kg d-1�5 x 10-10�kg m-2 d-1��Output:

DEPtotal�Total deposition flux from air�?�kg Cd m-2 d-1��

The deposition flux of cadmium to the soil is calculated by accounting for the mixing depth and density of the soil. The equation for calculation of the density of soil (RHOsoil) is found in Appendix B.  The deposition flux to the soil is calculated by the following equation (73):

Dairi =		 DEPtotal

		DEPTHi x RHOsoil

	i = agric or natural

�Input:

DEPtotal�Total deposition flux from air�?�kg Cd m-2 d-1��DEPTHagric�Mixing depth in agricultural soil�0.20�m��DEPTHnatural�Mixing depth in natural and urban soil�0.05�m��RHOsoil�Wet bulk density of soil�1700�kg m-3��Output:

Dairagric�Total deposition flux in agricultural soil�?�kg Cd kg-1 d-1��Dairnatural�Total deposition flux in natural and urban soil�?�kg Cd kg-1 d-1��

Assuming that the facilities have an operational lifetime of 10 years and that there is no loss from soil over this time, the local concentration of cadmium in soil is calculated as follows:

Clocali = Dairi x Doperation x 10

i = agric or natural

	Input:

Dairagric�Total deposition flux in agricultural soil�?�kg Cd kg-1 d-1��Dairnatural�Total deposition flux in natural and urban soil�?�kg Cd kg-1 d-1��Doperation�Number of days of operation�?�d a-1��	Output:



Clocalagric�Local concentration in agricultural soil�?�kg Cd kg-1��Clocalnatural�Local concentration in natural and urban soil�?�kg Cd kg-1��

�concentrations in surface water

The local dilution factor for effluent is (66):

DILUTION = EFFLUENTlocal + FLOW�                        EFFLUENTlocal

	Input:



EFFLUENTlocal�Effluent discharge rate�?�m3 d-1��FLOW�Flow rate of receiving waters�?�m3 d-1��

	Output:



DILUTION�Dilution factor�?�-��

Local water concentration during an emission episode is:

Clocalwater = Clocaleffluent�                        DILUTION

	Input:



Clocaleffluent�Concentration in effluent�?�kg Cd l-1��DILUTION�Dilution factor�?�-��

	Output:



Clocalwater�Local concentration in surface water during an emission episode�?�kg Cd l-1��

�The local annual average water concentration is (65):

Clocalannual = Clocalwater x Temission�                          365

Input:



Clocalwater�Local concentration in surface water during an emission episode�?�kg Cd l-1��Temission�Number of days per year for which emission occurs�?�d a-1��

Output:



Clocalannual�Local annual average concentration in surface water�?�kg Cd l-1��

The local available water concentration and the local available annual average water concentration are then calculated by multiplying the local water concentration and the local annual average water concentration by the available fraction of cadmium in water.  A value of 0.4 for the available fraction is assumed for the generalised EU environment.  A value of 0.9 for the available fraction is assumed for the acidic environment.

concentrations in biota

Concentrations in aquatic biota are derived using the local available annual average water concentration of cadmium, as bioconcentration factors for fish are given in terms of available cadmium.  It is assumed that a litre of water is equivalent to a kilogram of water.  The local concentration in aquatic biota is derived by multiplying the local available annual average water concentration of cadmium by the bioconcentration factor.

Clocalfish	=	Clocalaaawater x Favailablegen x BCFfishgen

Input:

Clocalaaawater�Local available annual average water concentration of cadmium�?�mg Cd kg-1��Favailablegen�Fraction of available cadmium in water for generalised EU environment�0.4�-��BCFfishgen�Bioconcentration factor for fish on a wet weight basis in generalised EU environment�38���

	Output:

Clocalfish�Local concentration in fish�?�mg Cd kg-1��

Terrestrial biota bioaccumulation factors are given in terms of total soil concentrations.  Crops are assumed to be influenced by concentrations in agricultural soil whilst grass is assumed to be influenced by concentrations in natural soil.  The local concentration in terrestrial biota is derived by multiplying the local soil concentration by the bioconcentration factor.

Clocalbiota = Clocalcomp x BAFgenbiota

comp = agric or natural

biota = crop or grass

Input:

Clocalcomp�Local concentration in soil�?�mg Cd kg-1��BAFgencrop or grass�Bioaccumulation factor for plants on a fresh weight plant wet weight soil basis for the generalised EU environment�0.18���Output:

Clocalbiota�Local concentration in biota�?�mg Cd kg-1��

�concentrations in meat and milk

The calculation of concentrations in meat and milk is more complex as cattle intake cadmium from a number of different media: drinking water; inhaled air; foraged grass; and foraged soil.  It is assumed that cattle live on grassland which is considered as growing on natural soil.  The local annual average water concentration is employed.

Clocalcomp = TRFcomp x (((Clocalair, grass, natural x INTAKEair, grass, natural) + (Clocalwater x INTAKEwater x 1000))

comp = meat or milk

Input:

Clocalair, water, grass, natural�Local concentration in compartment contributing to cadmium in cattle�?�mg Cd kg-1��INTAKEair��Intake of air�122�m3 d-1��INTAKEwater�Intake of water�0.055�m3 d-1��INTAKEgrass�Intake of grass�67.6�kg d-1��INTAKEsoil�Intake of soil�0.465�kg d-1��TRFmeat�Transfer factor to meat�0.02�d kg-1��TRFmilk�Transfer factor to milk�0.0003�d kg-1��Output:

Clocalcomp�Local concentration in meat or milk�?�mg Cd kg-1��

intake by man

The additional local intake of cadmium by man is assessed using the local concentrations.  The additional intake is assessed over the pathways drinking water, fish, plants, meat, milk and air.  For drinking water, fish, plants, meat and milk the additional daily dose for each pathway is calculated from the local concentration of cadmium in the medium associated with the pathway and the daily intake of that medium.  It is assumed that a litre of water is equivalent to a kilogram of water.

�ADOSEpathway = Clocalmedium x INTAKEmedium

pathway = drinking water, fish, plants, meat, milk

medium = drinking water, fish, plants, meat, milk

	Input:

Clocalmedium�Local concentration of cadmium in the medium�?�mg Cd kg-1��INTAKEdrinking water�Intake of drinking water�2�kg d-1 ��INTAKEfish�Intake of fish�0.115�kg d-1��INTAKEplants�Intake of plants�1.2�kg d-1��INTAKEmeat�Intake of meat�0.301�kg d-1��INTAKEmilk�Intake of milk�0.561�kg d-1��	Output:

ADOSEpathway�Additional local dose for the pathway arising from the intake of the medium�?�mg Cd d-1��

For air the additional daily dose is calculated from the local concentration of cadmium in air and the daily intake of air.

ADOSEair = Clocalair  x  INTAKEair

	Input:

Clocalair�Local concentration in air�?�mg Cd m-3��INTAKEair�Intake of air�20�m3 d-1��

Output:

ADOSEair�Additional local dose arising from the intake of air�?�mg Cd d-1��

The total additional local intake is calculated by summing the individual additional local doses for each pathway.

�
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TOXICITY DATABASE



(NOT AVAILABLE IN THIS ELECTRONIC VERSION)�D.	TOXICITY DATABASE

�

PART II

Assessment of the Effects of Further Restrictions on the Marketing and Use of Cadmium Contained                        in Certain Products

�







Assessment of the risks to health and to the environment of cadmium contained in certain products and of the effects of further restrictions on their marketing and use





Final report



Part B: 

Effects of further restrictions on the marketing and use of cadmium

�CONTENTS of part II



� TOC \o "1-1" \t "Level2,2,EXEC,1" �1.	 INTRODUCTION	

2. 	OBJECTIVES AND METHODOLOGY	

OBJECTIVES AND SCOPE	

METHODOLOGY	

3. 	OVERVIEW OF THE INDUSTRY	

CADMIUM METAL	

4. 	CADMIUM PIGMENTS	

INDUSTRY PROFILE	

IMPACT OF A BAN ON TRADE	

IMPACT OF A BAN ON INDUSTRY	

5. 	CADMIUM STABILISERS	

INDUSTRY PROFILE	

IMPACT OF A BAN ON TRADE	

IMPACT OF A BAN ON INDUSTRY	

6. 	CADMIUM PLATING	

OVERVIEW	

IMPACT OF A BAN	

7. 	EFFECTS OF A BAN ON RISKS TO HEALTH AND THE ENVIRONMENT	

REDUCTION IN RISKS ARISING FROM A BAN	

ENVIRONMENTAL AND HEALTH RISKS ASSOCIATED WITH

ALTERNATIVES TO CADMIUM	

CONCLUSIONS	

8. 	CONCLUSIONS	

�Appendix A - List of Organisations/Companies Contacted during the Survey

Appendix B - Questionnaires



List of Tables



Table 3.1 - Statistics on cadmium metal	

Table 3.2 - Cadmium metal production	

Table 4.1 - EU statistics on cadmium pigments	

Table 4.2 - Trade data for pigments and preparations based on cadmium compounds	

Table 4.3 - Alternatives to cadmium pigments	

Table 4.4 - Potential losses for cadmium pigment producers	

Table 4.5 – The Danish and Swedish experience	

Table 5.1 - EU statistics on cadmium stabilisers, 1996	

Table 5.2 - Comparison of cadmium with alternative stabiliser systems	



List of Figures



Figure 3.1 - Overview of the European industry	

Figure 3.2 - Breakdown of EU consumption of cadmium metal by product	

Figure 4.1 - Main uses of cadmium pigments 	

Figure 4.2 - Structure of the pigment industry	

Figure 5.1 - Estimated EU market for stabilisers	

Figure 5.2 - Main uses of stabilisers	

Figure 6.1 - The market for cadmium plating	



	�1.	INTRODUCTION

1.1	Part II of this report provides the findings of the assessment of the impact of further restrictions on the marketing and use of cadmium contained in certain products.

1.2	EC Directive 91/338 (Tenth Amendment of EC Directive 79/769) restricts the use of cadmium to colour, stabilise or plate specified products with certain exemptions.  This assessment considers the impact of further restrictions on the marketing and use of cadmium on manufacturers, processors and end-users of cadmium pigments, cadmium stabilisers and cadmium-plated components.

1.3	After a brief introduction to the project, Section 2 defines the objectives and scope and outlines the methodology used during the survey.  Section 3 provides the necessary background information on the overall structure of the industry and on cadmium metal.  Section 4 deals with cadmium pigments, Section 5 with stabilisers and Section 6 with cadmium plating.  Section 7 considers the effects of a ban on cadmium on risks to health and the environment and Section 8 contains the conclusions.  A list of all contacts used for the survey can be found in Appendix A, and a copy of the questionnaire in attached in Appendix B.

�2.	objectives and METHODOLOGY

objectives and Scope

2.1	The objective of Part II of the project is to evaluate the economic impact of the advantages and drawbacks of further restrictions on the use and marketing of cadmium in pigments, stabilisers and as a plating agent (cadmium products).

2.2	The research focuses on the effect of such restrictions on:

European producers of products containing cadmium; 

European producers of alternative products;

European processors;

European end-users; and

European internal and external trade.

2.3	For the purpose of this study, at the request of DG III the analysis was based on the strictest existing national legislation in Europe.  The strictest legislation on cadmium products can be found in Sweden where both the use and marketing of cadmium-containing products are banned.  The project therefore assesses the effects of a total ban on the use and marketing of cadmium in pigments, stabilisers and plated components.  However, whenever possible, the impact of partial restrictions has also been taken into account.

�methodology

2.4	In order to assess the impact of further restrictions on the use and marketing of cadmium products, a selection of key players at different industry levels were identified and asked to participate in a survey.

2.5	The survey was carried out in two parts:

a postal questionnaire was sent to manufacturers of products containing cadmium products and followed up by a telephone interview; and

telephone interviews supported by a checklist of questions were carried out with processors and end-users and trade associations.

Questionnaires

2.6	Telephone interviews supported by questionnaire or checklist were conducted with cadmium products producers.

2.7	The manufacturers’ questionnaire (used with pigment and stabiliser manufacturers) was very detailed and required the interviewee to supply a combination of quantitative and qualitative information.  Part one of this questionnaire contained structured questions and focused on facts and figures regarding the production of cadmium products, availability of alternatives and impact of a ban.  Part two of the questionnaire contained open-ended questions, which were followed up on the telephone at an agreed date.  The questionnaire is attached in Appendix A.

2.8	More simple checklists of questions covered on the telephone supported the other interviews.  The opinion of industry associations was sought through face-to-face and telephone contacts.  Appendix A provides a list of all organisations and companies who participated in the survey.

�Limitations

2.9	Information gathering proved difficult because:

the data necessary to carry out a valid cost assessment is considered commercially sensitive;

statistical information on the trade and production of cadmium and cadmium containing products is scarce; and

interviewees, concerned with the possible consequences of the study, tended to present a biased view of the situation.

2.10	The following report is based on the available statistics and information.	�3.	overview of the industry

3.1	The manufacture, processing and use of cadmium products involve a number of players and industries.  This section outlines briefly the overall structure of the industry and looks at the production of cadmium metal in Europe.

3.2	Figure 3.1 gives a graphical representation of the industry involved in producing cadmium-containing products as well as the upstream and downstream industries, which are affected by legislation.

cadmium metal

3.3	Cadmium is produced as a by-product of zinc (and occasionally lead) smelting.  Therefore, the volume of cadmium produced depends more on the demand for zinc than on the demand for cadmium.  Table 3.1 gives statistics on the production, consumption and trade of cadmium metal in Europe.

Table 3.� SEQ Table \* ARABIC \r 1 �1� - Statistics on cadmium metal

Cadmium metal�1996 (tonnes)��EU production�5500��EU exports�2200��EU imports�2200��EU trade balance�0��EU apparent consumption�5500��EU real consumption (accounts for recycling)�6000��Source: IZA estimates���Figure 3.� SEQ Figure \* ARABIC \r 1 �1� - Overview of the European industry

�

	Source: WS Atkins



3.4	Table 3.2 below shows the respective input of EU Member States in the total European production of cadmium metal for 1993.  The top four producer countries: Belgium, Germany, Finland and Italy account for over 70% of European production.

�Table 3.� SEQ Table \* ARABIC �2� - Cadmium metal production

Cadmium metal�% of EU production��Belgium�28.8��Germany�19.6��Finland�14.4��Italy�10.7��Netherlands�9.6��United Kingdom�8.4��Spain�6.0��France�2.5��Source: World Bureau of Metal Statistics,��

3.5	The total EU consumption of cadmium metal is 6000 tonnes.  About 60% is used in Nickel-cadmium batteries while the amount of cadmium metal used in the manufacture of pigments, stabilisers and for plating only represents about 22% or 1295 tonnes per annum.  Figure 3.2 gives a graphical representation of the uses of cadmium metal in Europe.

3.6	The share of pigments, stabilisers and plating in the total consumption of cadmium continues to decline owing to growing legislative and environmental pressures.  The cadmium containing products which are the object of Directive 91/338/EEC currently use about 1295 tonnes of cadmium metal per annum. 

�Figure 3.2 - Breakdown of EU consumption of cadmium metal by product

�EMBED Excel.Sheet.8���

	Source: WS Atkins    Percentages for plating, stabilisers. pigments and other changed.

	�4.	cadmium pigments

4.1	This section deals with the first cadmium-containing products of the EU Directive: pigments.  After a brief industry profile providing some statistical data, the impact of a ban on trade and on industry is examined.

industry profile

4.2	There are five pigment manufacturers in the EU; two in the UK and one each in France, Germany and Spain.  Table 4.1 gives European statistics and shows that cadmium pigments are manufactured in relatively small quantities.

Table 4.� SEQ Table \* ARABIC \r 1 �1� - EU statistics on cadmium pigments (tonnes)

(Tonnes)�1994 �1995 �1996 ���Pigments�Cd content�Pigments�Cd content�Pigments�Cd content��EU production�1860�1116�1551�931�1386�832��EU exports�822�493�727�436�732�439��EU imports�0�0�0�0�0�0��EU trade balance�822�493�727�436�732�439��EU apparent consumption�1038�623�824�495�654�393��Source: ICdA��������

4.3	Cadmium pigments are mainly used in plastics but they also have applications in glass, ceramics and artists colours.  Figure 4.1 shows the respective importance of each of these applications.

�Figure 4.� SEQ Figure \* ARABIC \r 1 �1� - Main uses of cadmium pigments

	�EMBED Excel.Chart.8 \s���

	Source: ICdA



4.4	Masterbatch manufacturers, dry blenders, and compound manufacturers blend cadmium pigments into polymers.  Masterbatch manufacturers make high concentration mixtures whereas compound manufacturers make low concentrations mixtures of pigment, additives and polymers.  Figure 4.2 gives a graphical representation of the structure of the industry.

�Figure 4.� SEQ Figure \* ARABIC �2� - Structure of the pigment industry

	�

	Source: ICdA



4.5	This study assesses the economic impact of a total ban on the marketing and use of cadmium contained in certain products.  It was decided that the strictest national legislation would be the object of the costs/benefits analysis.  In the case of cadmium, the strictest national legislation is that of Sweden where both the marketing and the use of cadmium is completely banned.

4.6	A complete ban on cadmium raises the very important issue of the availability of alternative products and of the impact on trade and industry of such restrictions.  This section analyses each of these issues in turn. 

impact of a ban on trade

4.7	Trade data were obtained from Eurostat and summarised in Table 4.2.  The data extracted from the European database shows the relative importance of each European Member State and highlights trade flows.  For example, the table shows that the UK represents 56% total EU exports and Italy 35.5% of total EU imports. 

�Table 4.� SEQ Table \* ARABIC �2� - Trade data for pigments and preparations based on cadmium compounds, 1995

1995 (kg)�Imports�Exports�Net trade balance���Intra-EU�Extra-EU�Total�Intra-EU�Extra-EU�Total�Intra-EU�Extra-EU�Total��Belgium�40900��40900�19100�4600�23700�-21800�4600�-17200��Denmark�300��300����-300��-300��Germany�41100�1300�42400�58200�87900�146100�17100�86600�103700��Greece�20100��20100��14000�14000�-20100�14000�-6100��Spain�8400�57500�65900�44800�40400�85200�36400�-17100�19300��France�68700��68700����-68700��-68700��Ireland�1000��1000����-1000��-1000��Italy�175600�2500�178100�200�51600�51800�-175400�49100�-126300��Netherlands�25000�10600�35600�92400�1200�93600�67400�-9400�58000��Austria�10500��10500�2200�16100�18300�-8300�16100�7800��Portugal�5600��5600����-5600��-5600��Finland����6600�13800�20400�6600�13800�20400��Sweden�100��100�7200�100�7300�7100�100�7200��UK�23600�9600�33200�209900�392200�602100�186300�382600�568900��EU 15�420900�81500�502400�440600�621900�1062500�19700�540400�560100��Source: Eurostat

Note: there are no data for Luxembourg��

4.8	A ban on the marketing and use of cadmium pigments would affect trade flows as manufacturing facilities would be forced to close down.  Overall trade would probably remain unchanged as the decline in the trade of cadmium pigments would be offset by an increased trade in replacement products (see section on alternatives).

4.9	Trade flows and trade balances would change as the main producer countries for alternatives to cadmium pigments are Germany and Switzerland.  The UK would probably become a net importer of products and Germany would see its exports increase significantly.  The EU’s trade balance for pigments would probably still be positive but imports from non-EU countries and particularly Switzerland would increase sharply.

�impact of a ban on industry

4.10	This section reviews the availability and suitability of alternatives for cadmium pigments and assesses the impact of a total ban on the marketing and use of cadmium on manufacturers, processors and end-users of cadmium pigments.

Cadmium pigments and alternatives

4.11	Cadmium pigments are insoluble inorganic colouring agents that are produced in a continuous range of strong, brilliant shades from lemon, through yellow, orange and red and deep maroon.  The pigments are based on fired hexagonal inter-crystalline compounds of cadmium sulphide, which itself produces a golden yellow pigment, but other colours are obtained by addition of zinc, selenium or mercury.

4.12	Cadmium pigments have exceptional properties, which explain their continued use.  According to industry, alternatives should have as many of the properties of cadmium pigments as possible�, which means:

they should cover the whole area of the spectrum from red through to orange and yellow (i.e. correct hue);

they should be clean bright opaque colours capable of being used to make clean bright secondary colours, e.g. green/browns, and for tinting purposes (i.e. good opacity);

they must be stable at the processing temperatures of the polymer for which they are intended for sufficient time to enable the process to be completed (i.e. heat stability);

they should be stable to light and weather during the life time of the product (i.e. lightfast and weather resistant);

they should not vary because of the chemistry of the polymer nor affect its physical properties (i.e. warpage or shrinkage);

they should be capable of giving identical colour in a wide range of different polymers (i.e. non metameric matching);

they should not significantly increase the cost of colouring polymers;

their use should not have adverse effects on levels of productivity or process efficiency; and

their safety during handling and polymer processing must be demonstrated.

4.13	In order to be a preferred option, alternatives also have to be proven to be environmentally safer than cadmium pigments.  Risk assessments need to be carried out in order to ascertain the environmental benefit of replacing cadmium pigments with alternative pigments.

4.14	According to these very tight criteria, there are no alternatives to cadmium pigments.  However some pigments have been developed by a number of major international chemical companies such as BASF, Bayer, Sandoz, Ciba-Geigy and Rhone-Poulenc which are suitable to replace cadmium for some applications.  At present, no alternative covers a substantial fraction of the colour range of cadmium pigments, and many provide merely single colours.  Consequently, a wide range of alternatives would have to be used in place of cadmium pigments to cover the range of colours, and stabilities (to heat, light, weather and migration).  Current manufacturers of cadmium pigments do not supply any alternative pigments.  Developing new pigments requires research and development programmes, which can only be sustained by very large concerns.

4.15	According to previous studies (ERM studies and Streatfield reports), the suitability of alternative pigments varies according to the application.  For some applications a close replacement can be found, but not for others.

4.16	The efficacy of alternative pigments varies greatly.  Inorganic pigments have the lightfastness, weatherability and high temperature performance required but they lack the colour intensity of cadmium-based pigments.  Most cerium sulphide pigments are still under development, therefore commercial availability is low.  The efficacy of organic pigments varies depending on the type of polymer used.  No alternative pigment offers the same qualities as cadmium pigments for such a large number of processes and end-uses.

�Table 4.� SEQ Table \* ARABIC �3� - Some alternatives to cadmium pigments 

Alternatives�Main problems/differences��Inorganic pigments���Lead chromates, nickel titanates, bismuth vanadates�Environmental safety (heavy metals)

Limited colour range and strength��Cerium sulphide pigments: pigment orange 75, red 265, light red burgundy 275 and burgundy 275�Environmental safety 

Very rare

Limited availability��Organic pigments���Quinacridones, pPerylenes�Colour shifts

Loss of stability

Limited lightfastness 

No risk assessment��Dyestuffs�Decorative effects are not comparable

Interact with other organics 

No risk assessment��Napthols, perinones, diarylides, classical azos, azo-condensation pigments, isoindolinones, etc.�Colour shifts 

Loss of stability 

Limited lightfastness 

No risk assessment��Source: Pigment industry��

Effects on economic operators

4.17	The cadmium pigments industry has already been affected by Directive 91/338/EEC. According to the ERM 1996 report “Study on the impact of the internal market of Community legislation limiting the marketing and use of cadmium”, the main impacts on economic operators were decreased revenues from EU markets and increased reliance on non-EU markets.  The possibility of production facilities closing down and downstream effects on users of cadmium pigments were also identified as common impacts on the industry as a result of the Directive.  These effects would be intensified by any further restriction on the use of cadmium.

4.18	In case of a total ban on cadmium, it is believed that the main economic impacts on industry would be:

discontinuity of EU production capability;

heavy costs for processors and users of pigments;

beneficial effect on R&D levels; and

beneficial effect on manufacturers of alternatives.

Manufacturers

4.19	Manufacturers of cadmium pigments would be greatly affected by an EU ban.  At present, none of them make alternative pigments and switching from the production of cadmium-based pigments to alternative pigments would require a totally different technology.  Moreover, very large chemical companies such as Ciba Geigy, Hoechst or Bayer manufacture alternative pigments, producing these pigments would mean competing with them.

4.20	European manufacturers of cadmium pigments already heavily rely on extra-EU exports.  Increasing non-EU sales to make up for the loss of EU sales does not seem to be an option as non-EU markets are also declining due to the introduction of legislation to control the use of cadmium pigments.  Industry also believes that introducing further restrictions on cadmium in the EU would affect sales not only in the EU.  Some countries take their lead from Europe on environmental issues and would follow suit.  In addition, sales of pigments outside the EU would fall as large quantities of finished products are produced abroad for the EU market.

4.21	The percentage of manufacturer turnover that would be affected by a ban varies between 2.5% and 37%.  Total aggregated loss of business for these manufacturers would be approximately ECU 20 million (see Table 4.4 below).  All respondents to the questionnaire said they would discontinue their production of cadmium pigments altogether.  It is probable that three manufacturers would have to close down all their manufacturing facilities.  A ban will probably affect about 500 people.

4.22	One company in particular mentioned that any further restrictions, which would reduce their overall turnover, would be fatal to the company.  The company is already in difficulty due to the market contraction that followed EU legislation.

Table 4.� SEQ Table \* ARABIC �4� - Potential losses for cadmium pigment producers

Items�Potential loss��Total industry turnover (million ECU)�20��Jobs at risk (number of people)�300-500��Number of plants closed (units)�3-4��Source: WS Atkins estimates���

4.23	However, it is reasonable to assume that while cadmium production would be discontinued, the sales of alternative pigments would correspondingly increase and so would to a certain extent the number of people employed by producers of alternatives to cadmium. 

4.24	The insert below gives comments made by manufacturers during interviews.

 “The only economic operators who are going to benefit from the ban are the large Swiss and German organic pigments manufacturers who have been lobbying for stricter legislation on cadmium pigments.”

“The company will not survive a ban on cadmium as despite the fact that the company produces blue pigments (non-cadmium), cadmium pigments make up most of the profit margin.”

“Even if cadmium is not banned under the Marketing and Use Directive, the ban on cadmium in packaging materials planned under the packaging directive will affect a large part of the market for pigments.”

“The industry feels unfairly treated because Council Resolution of 25 January 1988 concluded that cadmium levels should be reduced and identified three major causes of environmental concern: the burning of fossil fuels in power stations, the use of phosphate fertilisers and smoking.  In response to this resolution, Directive 91/338/EEC introduced restrictions on the use of cadmium in pigments, stabilisers and plating. 

“The economic operators who will suffer from a ban are the cadmium pigment producers, ceramic industry, artist colour manufacturers, engineering polymer producers and the general public through increased costs”.

“We have already shed 35 people from our plastic compounding plant.  In the case of a ban we would close our cadmium production with the loss of a further 80 people at our factory. Further research and development would be restricted through lack of margin.”

“The pigment factory shares the site and all the logistics with two other companies.  A ban on cadmium would not only mean closing down the company but would mean closing down the site altogether.”

“The industry feels a political scapegoat because cadmium pigments are very insoluble and therefore non-toxic.”

Processors and users of cadmium pigments

4.25	Interviews with processors and users of cadmium pigments revealed that similar effects to those noted after the introduction of Directive 91/338/EEC are expected and particularly increased colour costs and limited availability of alternatives.

4.26	Processors believe that they will be able to pass down increased colour costs to their customers without this resulting in a loss of competitiveness, as there will be a level playing field in the EU. 

4.27	Of more concern to them is the technical feasibility of changing pigment and the suitability of alternatives, as overcoming technical problems will require time and investment.  The Danish and Swedish experience presented below in tabular form seems to confirm these concerns.

�Table 4.� SEQ Table \* ARABIC �5� - The Danish and Swedish experience

Product�Process�Alternative used�Technical feasibility�Commercial consequences�Environmental issues�Investment/one-off costs�Operating costs��HDPE boxes�Injection moulding�Organic pigments�Requires frequent machine adjustments�Reduced life of finished product, customer not satisfied with colours�Increased waste, reduced life of product�Product design, production process  =   DKK300000�Increased colour costs = +200%��PEM pipes�Extrusion & injection moulding�Organic pigments�No problems�No complaints�Better recycling now possible�Production tests = DKK850000�Increased colour costs��PA plastic�No processing�Organic pigments�Requires dosage adjustment as less UV stable and temperature sensitive�No complaints�N/A�No investment necessary�Increased cost of plastic (negligible overall) ��ABS, PP, PE, PA, acetal�Injection & vacuum moulding�Organic pigments�Technical machine changes needed�Increased price of product, loss of competitiveness�Easier disposal of production waste�Production machinery = SEK20-30 Mio�Increased colour costs = +10%���

Product�Process�Alternative used�Technical feasibility�Commercial consequences�Environmental issues�Investment/one-off costs�Operating costs��PA, styrene, ABA�Injection moulding�Organic pigments�Requires dosage adjustment as temperature sensitive, red shade could not be obtained�No change in profitability or competitiveness�N/A�No investment necessary�Increased colour costs = +10% for PA not for styrene��Thermoplastics�Injection moulding�N/A�Colour fastness a problem, no substitute for cadmium found�No visible consequences�N/A�N/A�N/A��HDPE, PP, PE�N/A�Organic pigments�Required adjustments to get good, bright colours ��N/A�Required investment difficult given financial situation of company�No change in operating costs��Source: “Substitution of cadmium in plastics - selected examples from Danish and Swedish companies”, prepared by Ramboll for the Danish Environmental Protection Agency, September 1995 and “Experiencies of the Swedish regulation concerning cadmium in stabilisers and pigments in plastics”, Mona Olsson Oberg and Gunhild Granath, KEMI PM nr. 4/97, 1997.

�4.28	Comments on the Danish and Swedish experience (Table 4.5):

in all cases, cadmium was replaced with an organic alternative;

in most cases, technical problems with colour/shade or with physical properties of the alternative pigments were encountered but overcome in the long run;

initial adjustments to solve technical problems brought about high one-off costs;

operating costs are limited to the increased cost and/or quantities of pigment required, in all but one case increased operating costs were negligible overall and absorbed by the company; and

it is also interesting to note that companies did not mention redundancies, relocation or plant closures following the ban.

4.29	The Danish and Swedish experience seem to indicate that although replacing cadmium is not technically feasible for all applications, acceptable results can be obtained using organic pigments in:

HDPE (boxes and crates);

PEM (pipes); and

some PA and ABS applications.	�5.	cadmium stabilisers

5.1	This section deals with the second cadmium-containing products of the EU Directive: the stabilisers.  After a brief industry profile providing some statistical data, the impact of a ban on trade and on industry is examined.

industry profile

5.2	Stabilisers are used in the manufacture of PVC, a thermally unstable material, to allow it to be formed and shaped into products.  The type of stabiliser used largely depends on the end-product.  There are four types of stabilisers all of which contain metallic compounds together with various organic compounds:

cadmium-based stabilisers;

lead-based stabilisers;

calcium/zinc-based or barium/zinc-based stabilisers; and

tin-based stabilisers.

5.3	Figure 5.1 below gives a graphical representation of the estimated EU market share for each stabiliser system for 1996.  The share of cadmium-based stabilisers has declined steadily over the past five years and today only represents a very small share of the market.  It is likely that the use of cadmium stabilisers will continue to decline and they will cease to be used by the year 2000.  This seems to indicate that legislative interventions are not needed and would have a marginal impact on industry and the economy.

�Figure 5.� SEQ Figure \* ARABIC \r 1 �1� - Estimated EU market for stabilisers

	�EMBED Excel.Chart.8 \s���

	Source: Industry and WS Atkins estimates



Figure 5.� SEQ Figure \* ARABIC �2� - Main uses of stabilisers

	�EMBED Excel.Chart.8 \s���	

	Source: Industry estimates



5.4	Figure 5.2 above gives an indication of the main end-uses of PVC stabilisers in Europe.  Since the implementation of Directive 91/338/EEC cadmium stabilisers have been used exclusively (in Europe) in the manufacture of PVC for window/door profiles.

5.5	There are six cadmium stabiliser manufacturers in the EU; two in each of Germany, and Italy, and one in each of Austria and Spain.  Table 5.1 gives a few statistics on the production and trade of cadmium stabilisers.

Table 5.� SEQ Table \* ARABIC \r 1 �1� - EU statistics on cadmium stabilisers, 1996 (tonnes)

Cadmium stabilisers�Cadmium stearate�Cadmium laurate�Total Cd stabiliser��EU production�288�985�1273��EU exports�187�469�656��EU imports�0�0�0��EU trade balance�187�469�656��EU apparent consumption�101�516�617��Source: ELSA and WS Atkins �����

5.6	There are two main cadmium stabiliser systems:

barium-cadmium-zinc systems; systems used for flexible PVC which continue to be manufactured but are no longer used in the EU where they were successfully replaced by barium-zinc stabilisers; and

lead-barium-cadmium systems; systems used for solid PVC for building profiles such as window/door profiles but excluding pipes for its exceptional light stability and good weathering, although this use is still allowed in the EU, cadmium stabilisers have gradually lost ground to other systems in recent years.

5.7	Heat stabilisers are sold either to compounders who mix them with PVC and other components or directly to manufacturers of the end products who do their own mixing.  In the case of window profiles, this PVC compound is then extruded and used to assemble a complete window unit or sold on to an assembler.  A number of economic operators would therefore be potentially affected by a ban on cadmium stabilisers.  The next sub sections examine the impact of a ban on trade and industry as well as investigate the availability of suitable alternative products.

�impact of a ban on trade

5.8	Very few data were available regarding intra and extra-EU trade of cadmium stabilisers.  However, the EU is the main producer of cadmium stabilisers and Table 5.1 shows that the trade balance is largely positive with no extra-EU imports being reported.

5.9	In case of a ban on cadmium stabilisers, extra-EU exports are likely to remain stable.  The main export markets are Asia and the Far East where awareness of environmental issues is limited.  In the case of a ban, increased trade of alternative stabiliser systems would offset the drop in intra-EU trade for cadmium stabilisers.  Trade flows between EU Member States are unlikely to be significantly altered, as manufacturers of cadmium stabilisers are also the producers of alternative systems.

impact of a ban on industry

5.10	This section reviews the availability and suitability of alternatives for cadmium stabilisers and assesses the impact of a total ban on the marketing and use of cadmium on manufacturers, processors and end-users of cadmium stabilisers.

Alternatives

5.11	In Europe, cadmium is restricted to applications where good weathering qualities are required.  Hence, it is still used in the manufacture of window profiles (in combination with barium and lead).  However, they are progressively being replaced by:

lead-based systems, and

and to a lesser extent calcium-zinc systems.

5.12	Lead-based systems currently account for about 60% of all stabilisers in the EU (see Figure 5.1 above).  Lead products have a very positive cost/performance ratio with excellent heat and light stability and good electrical resistance and low water absorption.  Lead systems have a successful track record in the construction industry. 

5.13	However, lead-based stabilisers have come under environmental scrutiny and legislative pressure because of potential hazards to man and the environment.

5.14	Calcium-zinc systems currently represent about 15% of all stabilisers used in the EU.  In order to develop potential replacement for the threatened cadmium and lead systems, stabiliser manufacturers have carried out extensive Research and Development.  However, the life performance of these systems remains unknown.

5.15	Moreover, calcium-zinc systems are substantially more expensive than lead or even cadmium systems due to the number of boosters added to achieve colour stability and a good processing level.  Table 5.2 summarises the information gathered about alternatives and compares them with cadmium-based stabilisers.

Table 5.� SEQ Table \* ARABIC �2� - Comparison of cadmium with alternative stabiliser systems

Criteria�Cadmium system�Lead system�Calcium/zinc system��Weathering�Good�Good�Good��Lightfastness�Good�Good�Good��Life guarantee�20 years�10 years�Unknown��Costs �C�C - 15%�C + 75%��Source: Industry and WS Atkins estimates��

Effects on economic operators

5.16	The stabiliser industry has already reacted to legislative pressures by developing alternative systems.  These alternative systems, and particularly lead-based products, have progressively replaced cadmium systems, as the switch is technically and economically feasible.

Manufacturers of stabilisers

5.17	Stabiliser manufacturers believe they would not be significantly affected by a European ban as:

alternatives (lead-based or calcium/zinc-based systems) are available and have gradually been replacing cadmium stabilisers;

most of the remaining production of cadmium stabilisers is sold outside the EU (to Asia and the US); and

industry announced in 1995 its intention to phase out cadmium stabiliser systems for PVC.

5.18	The commercial impact of banning cadmium stabilisers would therefore be very limited, particularly as much of the process equipment used in the production of cadmium-based stabilisers can be readily converted to the manufacture of lead-based stabilisers.  The small costs involved in the switch would be recovered relatively quickly due to the lower production costs of lead-based stabilisers.

Manufacturers of PVC window and door profiles

5.19	Most EU manufacturers of PVC window profiles have already changed to lead-based stabilisers and to a much lesser extent to calcium/zinc systems.  In the UK, the last manufacturer of PVC products to be using cadmium stabilisers ceased to do so at the end of 1997.  In Germany, three manufacturers are still using cadmium stabilisers but industry is planning on introducing a voluntary agreement to ban the use of cadmium by mid-1998.

5.20	A few manufacturers have been reluctant to change to lead-based stabilisers because they feel more testing is needed before they can safely guarantee the same product life to their customers as with cadmium stabilisers.  In Europe, window profiles are normally guaranteed 20 years.

Of major concern to the industry is the environmental and legislative pressure directed at lead-based stabilisers.  Contrary to a ban on cadmium, any restriction on the use of lead stabilisers (which represent 60% of the market for stabilisers) would have a major impact on stabiliser manufacturers, the PVC industry in general and ultimately the European consumer.











5.22	The insert below gives comments made by economic operators involved in stabilisers.

“German manufacturers of stabilisers have been under public pressure to stop using cadmium but the same pressure has not been applied to manufacturers of window profiles.”

“The decline in cadmium stabiliser sales over the past five years is very sizeable.  In fact, year on year, sales of cadmium stabilisers have dropped by 65%.”

“The replacement of cadmium stabilisers by alternatives is almost complete; a ban on cadmium would not affect the stabiliser industry much.  However, the industry opposes a ban on the principle that legislation on substances should be based on sound scientific data and not be governed entirely by political issues.” 

�6.	cadmium plating

6.1	Section 6 deals with the third product of Directive 91/338/EEC: cadmium plated components.  After a brief industry profile providing some statistics, the impact of a ban on trade and on industry is examined.  This section is based on desk research and discussions with trade associations and individual companies. 

overview

Industry profile

6.2	According to industry estimates, there are about 500 platers using cadmium in Europe.  The majority of these companies are plating contractors or component manufacturers all plating a number of metals in addition to cadmium.  Typically these firms are medium-size, employ between 20 and 50 people and have an annual turnover of between £2 and £3 million.  Cadmium plating may represent as much as 10% of the turnover for these small and mediu-sized enterprises.

6.3	Some large engineering/aerospace companies are also involved in cadmium plating.  They conduct plating activities in-house in order to satisfy their own internal needs.  Plating allows them to carry out or speed up other activities such as painting, servicing and repairing aircraft, production of spare parts, etc.  Cadmium plating represents an insignificant proportion of their total turnover. 

6.4	The EU plating industry is concentrated in those countries where the military is an important industry (such as the UK and France).  The UK alone accounts for about 30% of cadmium usage in plating.

�The market

6.5	Plating represents 3% of all cadmium consumed in Europe, i.e. about 195 tonnes.  The volume of cadmium used in plating has declined significantly under legislative/environmental pressure and is now believed to be limited to a few niche areas where no suitable alternatives have yet been found.

6.6	Cadmium coatings are still used extensively in the aerospace, industrial fastener, and electrical industries where the specific properties are required, but their use in automotive, decorative and non-critical applications has decreased. 

6.7	Figure 6.1 shows that the majority of cadmium plating is used for fasteners and structural components; they represent 53% and 30% of the market respectively.  The “Others” category comprises electrical contacts and other safety applications in the vehicle industry.  Aerospace and defence applications represent over 80% of the production of cadmium plated components while offshore applications account for 42.5% of fasteners, and aerospace and defence about 38%.

Figure 6.� SEQ Figure \* ARABIC \r 1 �1� - The market for cadmium plating
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6.8	According to recent surveys the following trends in cadmium plating were identified:

cadmium plating is used only when its combination of properties is required;

the number of plating contractors offering cadmium plating has tended to decrease even faster than the number of in-house plating shops; large aerospace companies are involved in cadmium plating because it allows them to carry out or speed up other activities, such as painting, servicing and repairing aircraft, production of spare parts, etc.; and

cadmium plating facilities are increasingly geared towards re-fitting and repair (recycling); in Europe an increasing amount of cadmium is recovered through recycling. 

impact of a ban

6.9	This section reviews the properties of cadmium and the availability and suitability of alternatives. It also assesses the impact of a total ban on the marketing and use of cadmium on cadmium platers and users of cadmium plated components.

Cadmium and its alternatives

6.10	In Europe, the plating industry was under pressure to reduce usage of cadmium and to develop alternatives for all non-safety applications even before Directive 91/338/EEC particularly in Sweden, the Netherlands and Denmark. 

6.11	The Directive restricts the use of cadmium plating to products and components of products for the following applications and industries:

aeronautical;

aerospace;

electrical contacts;

mining;

nuclear;

offshore; and

safety devices.

6.12	Cadmium has exceptional properties that explain its continued use as a plating agent in these applications. These qualities are:

good corrosion resistance;

controlled slippage characteristics;

low coefficient of friction;

low electrical resistivity;

good soldering characteristics;

good plating characteristics on a wide variety of substrates;

bright appearance for decorative applications;

good formability; and

galvanic compatibility with aluminium.

6.13	Alternatives for cadmium coatings have been sought since the mid-1970s and have replaced cadmium in a number of non-safety applications.  Current alternatives to cadmium plating include:

zinc, the most common metal for plating;

zinc alloys (including iron, tin, nickel, cobalt, silicon, and magnesium), particularly used in automotive applications; and

aluminium, which has proved very useful in IVD (Ion Vapour Deposition) plating.

6.14	Despite research and development programmes, suitable alternatives have not yet been found for most of the remaining applications.  This is because cadmium is used in applications which require a combination of good alkaline corrosion resistance plus either low friction coefficient, low electrical resistance, good soldering characteristics, galvanic compatibility or plating characteristics for cast irons and other difficult to plate materials.

6.15	For example, according to industry sources the available alternatives exhibit varying degrees of corrosion resistance, some of them very similar to that of cadmium.  However, none of them has a low coefficient of friction except zinc-silicon alloys, low electrical resistivity, plateability on many different surfaces or galvanic compatibility. 

6.16	As far as corrosion performance of plating agents in marine environments is concerned, cadmium seems to perform a lot better than zinc or zinc alloys while aluminium seems to be more efficient than all other agents.

6.17	When an application requires several/all properties to be present, cadmium is the only technical choice possible.  Substitution is therefore deemed not feasible from a technical point of view by industry (both plating and end-user industry), i.e. to date no other plating agent present the characteristics required by some applications.  A partial or complete ban on cadmium would create unquantified technical problems to end-user industries. 

Effect of further restrictions on economic operators

6.18	Interviews with cadmium platers show that most companies operate on fairly narrow profit margins (around 5%).  Their fixed asset base is relatively new indicating that in order to comply with recent legislation companies have had to invest.

6.19	As a consequence, most medium-sized platers would be affected by any measure that would modify their income.  They would also be negatively affected if measures required them to increase investment levels in order to comply with new abatement measures.

6.20	However, in the event of a total or partial ban (that would involve some applications only) on the use of cadmium plating (irrespective of technical feasibility) platers would recover the loss by plating an equivalent amount of the suitable alternative. 

6.21	Metal cost is not really an issue, as small amounts are needed. Any additional cost would be passed down to the customers.  Provided the legislation is enforced, i.e. platers operate on a level-playing field, there will be no loss of competitiveness. 

6.22	Extra-EU competition is unlikely to occur, as a short turnaround is an essential element of competitiveness. 

6.23	If substitution of cadmium plating were technically feasible, substitution could and would take place without negative effects for the plating or the end-user industry. 

6.24	The effects of a total or partial ban would therefore be:

very little impact, positive or negative, on the plating industry;

negative effects on the end-user industry because of the unsuitability of alternatives (technical feasibility); but

a probable boost to research and development efforts to find suitable alternatives.

�7.	effects of a ban on risks to health and the environment

7.1	A ban on the use of cadmium in pigments, in stabilisers and as a plating agent within the EU will affect the exposure of man to cadmium and the quantities of cadmium released to the environment.  These changes will impact the health and environmental risks addressed in Part I of this report.

reduction in risks arising from a ban 

Release sources

7.2	A ban on the marketing and use of cadmium in pigments, in stabilisers and as a plating agent would reduce the amount of cadmium released to the environment, and the level of human exposure to cadmium, from each stage of the products’ lifecycles.

7.3	Section 3 of this part of the report indicates that the EU produces 6000 tonnes of cadmium as a by-product of zinc refining and that currently approximately 22 per cent of this is used in the production of pigments, stabilisers and as a plating agent.  A restriction on the market for cadmium will prevent zinc refiners from utilising these routes for this fraction of their surplus cadmium.  Unless alternative routes for the use of the surplus cadmium can be found, the effect of a ban on the use of cadmium in the products will be the creation of cadmium stockpiles which will need to be disposed of as hazardous waste.  At present the use of cadmium in the products acts to disperse the cadmium produced by zinc refining throughout the EU rather than concentrating it in one, or a few, locations.  Cadmium disposed of as hazardous waste may be secure in the short to medium term but in the long term it represents a store of cadmium-containing material that may pose a risk to future generations.

7.4	In the event that zinc refiners can identify an alternative purchaser for their surplus cadmium, the cadmium will still remain in circulation (provided the purchaser does not plan to export the product outside the EU).  The long term cadmium burden of the EU is determined by the zinc production industry, and the use of cadmium in pigments, in stabilisers and as a plating agent has a dispersive not a generative effect.  The containment integrity of cadmium disposed of as a hazardous waste from zinc refineries may be lower than that of cadmium in pigmented plastic, in stabilised PVC and as a plating on metal.  This is because cadmium in the products is generally less available.

7.5	The impact of a total ban on pigment manufacturers and users, stabiliser manufacturers and users, and platers is discussed in Sections 4, 5 and 6 respectively.  The scale of reduction in cadmium exposure and cadmium emissions from pigment and stabiliser manufacturing and use, and metal plating can be assumed to be equivalent to the scale of reduction of manufacturing and use of cadmium pigments and stabilisers, and cadmium plating resulting from the ban.  Therefore in all these cases cadmium exposure and emissions would cease.

7.6	Following a ban on the use of cadmium in these products the levels of pigmented plastic, stabilised PVC and plated metal in circulation in the EU would decline with a corresponding decline in the releases of cadmium from these sources.  The life expectancy of pigmented plastic, stabilised PVC and plated metal means that some of these products would be in use up to 25 years after the implementation of the ban.

Effects of changes in releases

7.7	The changes in cadmium release patterns identified above will have an effect on the health and environmental risks addressed in Part I of this report.

7.8	An EU ban would result in occupational exposure and associated risks arising from the manufacture and use of cadmium containing pigments and cadmium containing stabilisers, and the cadmium plating of metal being eliminated.  However for pigments and plating the associated risks are already considered to be acceptable.  In the case of stabilisers it was considered that there may be unacceptable risks associated with stabiliser preparation, whilst the health risks associated with stabiliser mixing and use are already considered to be acceptable.

7.9	General human exposure and associated risks from releases from pigmented plastic and stabilised PVC through disposal via incineration will gradually reduce until these products are no longer in use in the EU.  However for the acidic environment the associated risks are already considered to be acceptable.  It is not possible to comment concerning the generalised EU environment because the regional PECs for this environment have not been derived.  These PECs are derived in the additional assessment of risks from cadmium contained in the products.

7.10	Environmental risks from the manufacture and use of cadmium containing pigments and stabilisers, and cadmium plating of metal will be eliminated as will the environmental risks arising from the use of these products.  However the regional environmental risks for the acidic environment are already considered to be acceptable.  It is not possible to comment on the regional environmental risks for the generalised EU environment because the PECs for this environment have not been derived.  These PECs are derived in the additional assessment of risks from cadmium contained in the products.

7.11	It is not possible to comment on the local environmental risks arising from pigment production and stabiliser production, because regional PECs for the generalised EU environment have not been derived.  These PECs are derived in the additional assessment of risks from cadmium contained in the products.  The local risks for plating facilities for the acidic environment are already considered to be acceptable.  However it is not possible to comment on the local risks arising from plating for the generalised EU environment because regional PECs for this environment have not been derived.  These PECs are derived in the additional assessment of risks from cadmium contained in the products.

7.12	Environmental exposure and associated risks arising from releases of cadmium from pigmented plastic and stabilised PVC through disposal via incineration will gradually decrease until these products are no longer in use in the EU.  However for the acidic environment the associated risks are already considered to be acceptable.  It is not possible to comment concerning the generalised EU environment because the regional PECs for this environment have not been derived.  These PECs are derived in the additional assessment of risks from cadmium contained in the products.

7.13	The long term behaviour of cadmium containing waste in landfill is unclear, therefore it is not possible to comment on future human and environmental risks from this source, except to state that where less cadmium containing waste is disposed of to landfill there will be less available to be released.

7.14	Cadmium that is no longer used in the products will have to be utilised by some means.  If a purchaser can be found for this cadmium then releases from the associated use would need to be evaluated.  If no purchaser can be found then the additional cadmium supplies will need to be disposed of to hazardous waste sites.  This will result in a concentration of cadmium containing wastes, which in the short to medium term will remove this cadmium from environmental circulation.  However, this approach may result in sites which pose risks to future generations.

ENVIRONMENTAL AND HEALTH RISKS ASSOCIATED WITH ALTERNATIVES TO CADMIUM

7.15	Restrictions on the use of cadmium in the products will result in the increased use of alternative pigments, stabilisers and plating agents.  Table 4.3 lists some of the alternative to cadmium pigments, of which bismuth vanadates are probably the most viable.  The toxicity of bismuth is lower than that of cadmium, and in comparison to cadmium ions the ecotoxicity of bismuth ions is lower.  Lead based systems are the most viable alternatives to cadmium stabilisers.  The toxicity of lead is lower than that of cadmium, and in comparison to cadmium ions the exotoxicity of lead ions is also lower, however lead and lead ions are themselves very toxic.  For cadmium plating the alternatives to cadmium are zinc and aluminium.  The toxicities of both of these metals are lower than that of cadmium, and in comparison to cadmium ions the ecotoxicity of zinc and aluminium ions are also lower.

CONCLUSIONS

7.16	The impact of a ban on the marketing and use of cadmium in pigments, in stabilisers and as a plating agent in the EU will be an elimination of cadmium exposure in and cadmium releases from pigment and stabiliser manufacture and use, and metal plating.  In addition human and environmental exposure arising from the use of pigmented plastics, stabilised PVC and cadmium plated metal, and releases through disposal via incineration of pigmented plastics and stabilised PVC will gradually decrease until these products are no longer in use.  The long term behaviour of cadmium containing waste in landfill is unclear, therefore it is not possible to comment on future human and environmental risks arising from this source.  The total quantity of cadmium in the EU environment is likely to be unchanged, with cadmium being concentrated in a few hazardous waste sites rather than dispersed throughout the Community.  In the short to medium term levels of cadmium available in the environment will reduce and so will the risks associated with these concentrations.  However, in the longer term sites with high concentrations of cadmium will require management and may pose risks to future generations.

7.17	Alternatives to cadmium will pose human and environmental risks.  The toxicities of the substitute metals are lower than that of cadmium and in comparison to cadmium ions the exotoxicities of the metal ions are also lower.  However in order to undertake a full assessment of the comparative risks it would be necessary to consider exposure to these metals and the environmental concentrations of the metal ions that would arise from their use.

	�8.	CONCLUSIONs

8.1	A total EU ban on the marketing and use of cadmium contained in pigments, stabilisers and used as a plating agent would have a varying impact.

8.2	A ban on cadmium pigments would have an adverse economic and financial impact on manufacturers and to a lesser extent on industrial users. Two to three manufacturers would probably have to close down altogether and bring about around 200 redundancies. Industrial users who still use cadmium pigments for which suitable alternatives do not exist will also face difficulties.

8.3	A ban on cadmium stabilisers would not affect economic operators as over the years both producers and users have moved towards using alternatives to cadmium stabilisers.

8.4	Further restrictions on cadmium as a plating agent do not seem to be technically feasible. It is likely that industry will adopt alternatives as they are developed.	�















APPENDIX A - LIST OF ORGANISATIONS / COMPANIES CONTACTED DURING THE SURVEY



�Associations/organisations

ICdA - International Cadmium Association

CEFIC - European Chemical Industry Council 

ELSA - European Lead Stabilisers Association

APME - Association of Plastics Manufacturers in Europe

Surface Engineering Association (ex-Metal Finishers Association)

World Bureau of Metal Statistics

UK Department of the Environment, Transport and the Regions



Companies manufacturing/processing/using cadmium/cadmium products

Floridienne Chimie 

James M. Brown Ltd

Cookson Matthey Ceramics & Materials Ltd

General Quimica

Société Languedocienne de Micron-Couleurs 

Cerdec AG (Degussa AG)

Vacol SA

Gabriel Chemie

OAK SA

Akcros Chemicals

Bärlocher GmbH

Chemson GmbH 

Ashton and Moore Ltd

Silverfield Ltd

South West Metal Finishing Ltd

Marshall of Cambridge Aerospace
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APPENDIX B – QUESTIONNAIRES

(not available in this electronic version)�



CONCLUSIONS



�Conclusions

Part I of this report considered the life cycle of certain products and assessed the risks to the environment and to health arising from cadmium in certain products. The assessment has been conducted according to the principles laid down in the Technical Guidance Document in support of Commission Directive 93/67/EEC on risk assessment for new notified substances and Commission Regulation (EC) No 1488/94 on risk assessment of existing substances.  The calculated losses of cadmium to the environment have been employed to assess the potential risks arising from cadmium contained in certain products at the continental scale for a generalised EU environment and at the regional and local scale for an acidic environment.  The following potentially unacceptable environmental and health risks have been identified from the manufacture, use and disposal of cadmium in certain products:

the risks from disposal of cadmium containing products in municipal landfill sites; and

the workplace health risks associated with stabiliser preparation.

The regional PECs for the generalised EU environment are derived in the additional assessment of the risks of cadmium contained in the products.  The derived regional PECs are then used in the additional assessment to provide the risk characterisation for the local risks arising from pigment production, stabiliser production and for plating facilities and incinerators for the generalised EU environment.  The overall conclusions arising from the additional assessment and the assessment that has been undertaken in Part I of this report are presented in the additional assessment.

A total EU ban on the marketing and use of cadmium in pigments, stabilisers and as a plating agent would have a varying impact.  A ban on cadmium pigments would have an adverse economic and financial impact on manufacturers and to a lesser extent on �industrial users.  A ban on cadmium stabilisers would not affect economic operators as over the years both producers and users have moved towards alternatives to cadmium stabilisers.  Further restrictions on cadmium as a plating agent do not seem to be technically feasible.  It is likely that industry will adopt alternatives as they are developed.













� Gordon Streatfield, Review of EC Directive 91/338/EEC and the impact of its restrictions on cadmium pigments for the plastics industry, 1995.
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