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EXECUTIVE SUMMARY

· The EU has restricted the use of cadmium since the ratification of the 1992 Basel Convention, however, a RoHS exemption is in place to allow the use of cadmium in electrical contacts.  This exemption is under consideration to be rescinded, and  US restrictions could follow.
· Cadmium comes from smelting zinc ore, so as long as there is zinc, there will be cadmium.

· Currently, 79% of all cadmium is used in NiCad batteries.  Less than 1% is used in electrical contacts.

· Cadmium is used in electrical contacts because it provides the best known performance to switch off high power electrical current quickly and cleanly, and avoid contact welding and premature failure.

· There are many other contact materials available, but they do not perform as well in power switching applications, and can create life-safety and property damage issues.

· Cadmium can be used without risk to public safety, as long as garbage containing cadmium is not burned in open incinerators, and as long as cadmium-bearing river sludge is not allowed to enter drinking water untreated.
· The most energetic push to ban all cadmium use has come from those countries that have historically allowed the worst cadmium handling habits.

· A blanket ban on cadmium-bearing electrical contacts will do more harm than good.  Safety-related products (overload relays, transfer switches, bypass contactors, fire pump controllers, etc.) would fail more often and in more dangerous modes, resulting in increased loss of life and property.  Power switching products (motor starters, contactors, pilot devices) will fail more often, resulting in increased volume of product disposed into the waste stream.  Replacement contacts are bigger, requiring larger contactors which may not fit in the space of the original contactor, which can result in disposal and replacement of the entire end-product, also resulting in increased volume of product disposed into the waste stream.  
· As a steward for environmental responsibility, NEMA should support US Federal and international legislation to ban cadmium-based electrical contacts where “as good or better” replacements are available.  

· As a steward for public safety, NEMA should support US Federal and international legislation to allow the use of cadmium-based electrical contacts where “as good or better” replacements are not available.  
· As a steward for continuous improvement, NEMA should support technological development of new contact materials with the goal of eliminating the need for cadmium-based electrical contacts as soon as technologically feasible.

PURPOSE

The purpose of this white paper is to propose a course of action for NEMA, which balances the importance of protecting the environment with the unintended consequences of a blanket ban on cadmium-based electrical contacts.

BACKGROUND

Cadmium is a silvery-white, relatively rare, ductile metal obtained as a byproduct of the smelting of zinc.  Most commercially viable zinc ore produces 4.6 lbs of cadmium per ton of zinc.  Cadmium is widely used by the electrical switching industry in the form of Cadmium Oxide (CdO) in metal alloys (primarily silver cadmium oxide, AgCdO) to manufacture high quality power switching contacts.  
TECHNICAL DETAILS

BIOLOGY

Cadmium enters the human body two ways - inhaling cadmium vapors, or consuming cadmium particles.  Cadmium oxide used in electrical contacts does not dissolve in water.  
Cadmium that enters the bloodstream via the stomach or lungs is immediately bound to a protein (metallothionen) and stored in the liver, where it does no damage.  Persons exposed to high doses of cadmium in industrial settings show no trace of it in their bloodstream as soon as 18 hours after exposure.  However, very slowly over a period of decades, the cadmium-metallothionen is released back into the bloodstream and absorbed into the cells of the kidneys, where the metallothionen is used as fuel, and the cadmium poisons the cell.  The result is very slow degradation of kidney function.
There is no evidence to suggest that cadmium causes cancer.

USAGE

The Cadmium Council reports that the usage of cadmium in 2005 was as follows:

· 79% 
- nickel-cadmium (NiCd) batteries

· 11% 
- pigments for paint
· 7%  
- coatings for metal
· 2%
- stabilizers for plastics
· 1%
- miscellaneous uses, including solar cells, fusible links, high temperature wire, sacrificial corrosion protectors, jewelry, and electrical contacts
HUMAN EXPOSURE

The vast majority of human exposure to cadmium results from the following activities:

· Drinking of turbid, untreated water directly from rivers and streams where cadmium dust has been dumped.  Simple filtering avoids this exposure.
· Industrial exposure to cadmium fumes and dust during smelting and processing.  In the US, OSHA has all but eliminated this as an issue.

· Inhaling cadmium fumes created by incinerating garbage.  (note:  Many European countries lack the land area to bury their garbage.  As a result, they incinerate it, which releases cadmium fumes that could place their citizens at risk.  In the US, most garbage is buried in landfills, where the cadmium lies dormant.)
SILVER CADMIUM OXIDE ELECTRICAL CONTACTS

Over the past 50 years, significant research has been performed on the performance of various metal alloys for use as separable electrical contacts.  Worldwide, manufacturers such as AMI/Doduco, Brainin, Checon, Chugai, Danco, Deringer-Ney, Loxwood, Metalor, Naeco;  academic institutions such as Carnegie-Mellon University, University of Virginia, the University of Technology - Vienna, University of Wales, Osaka University, University of Braunschweig, University of Southampton; manufacturers such as General Electric, Westinghouse, Siemens, Square-D, and Eaton Electrical; and private research firms such as the Electric Power Research Institute and the Battelle Institute, to name a few, conduct ongoing research into new contact materials.  The results of their efforts can be seen in the proceedings of the IEEE Holm Conference on Electrical Contacts (53 editions), the Technical University of Lodz International Conference on Switching Arc Performance (10 editions), the RSIA International Relay and Switch Technology Conference (54 editions), and others.
Currently, there are 35 different major categories of metal alloys commercially available for use in separable electrical contacts, of which AgCdO is one.  (see appendix A)  Differing formulations within each major category result in literally hundreds of possible choices.  Yet, after all this research and effort, there are applications for which AgCdO has no equal.  In NEMA motor control products (sizes 00-9), transfer switching products, motor hermetic overload relays, bypass contactors, and general-purpose power switches less than 30 amps AC or greater than 600 VDC at 600 amps, efforts to find a suitable replacement for AgCdO have shown limited success.
The cadmium in AgCdO electrical contacts significantly improves the ability of the contacts to quickly quench (extinguish) the arc, and significantly reduces material transfer and erosion of the contacts over common alternatives such as AgSnO2.  The result is:
· AgCdO contacts last longer.  This has the effect of requiring less replacement, thus reducing the overall burden on the environment, and reducing the volume of products disposed into the waste stream.

· AgCdO contacts perform better in many applications than other available choices.  The ability of AgCdO contacts to quench arcs and resist welding makes them ideal for safety-related applications where device failure must be minimized.

· Products made with AgCdO contacts are smaller.  This has the effect of using less material to make the products, which not only reduces the total manufacturing energy requirement, but also further reduces the volume of product at time of disposal.

· Products made with substitute contacts fail in the dangerous welded-closed state much more often than do AgCdO contacts.  For safety-related products, such failures result in a higher burden on society for the costs of personal injury and property damage.
ACTION PLAN

In light of the above facts, it is evident that a universal ban on electrical contacts containing cadmium is a cure that is worse than the disease.  Therefore, it is recommended that NEMA take the following actions:

· NEMA should provide public, visible support for continuing and accelerating research into contact materials that could be direct drop-in replacements for AgCdO, with the goal of reducing the use of cadmium in electrical contacts as quickly as is technologically feasible.
· NEMA should develop and lobby the US Congress for Federal preemptive legislation, with the following features:

· A ban on all cadmium-bearing electrical contacts used in household appliances, IT equipment, telecommunications equipment, electronic and electrical tools, toy/leisure/sports equipment, and automatic dispensers.  These are products that tend to have short life expectancies and are disposed rather than repaired at end-of-life.  

· An exemption allowing the use of cadmium-bearing electrical contacts used in permanently-installed electrical power control equipment and safety-related products, with the goal of maintaining public safety where “as good or better” contact material replacements are not available
· An exemption allowing the manufacture of replacement contacts and contact assemblies for any product manufactured before January 1, 2014, with the goal of avoiding the introduction of large quantities of product into the waste stream only for the lack of replacement contacts.
· A requirement for States to develop cadmium recycling programs which will accept all cadmium-bearing products, including, but not limited to, NiCd batteries, paints and pigments, solar cells, plastics, and electrical contacts, with the goal of providing a safe path for collecting cadmium.
· NEMA should lobby in support of retaining the existing EU RoHS exemption allowing the use of cadmium in electrical contacts until advancements in technology provide contact materials that are “as good or better” substitutes for AgCdO.
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APPENDIX A - Available contact materials

This is not to be misconstrued as an all-inclusive list, but rather as an example of some of the more commonly available materials
Silver-based

Ag


Silver

AgCdO

Silver Cadmium-Oxide

AgSnO2

Silver Tin-Oxide

AgNi


Silver Nickel

AgC


Silver Graphite

AgPd


Silver Palladium

AgCu


Silver Copper

AgZnO

Silver Zinc-Oxide

AgW


Silver Tungsten

AgWC


Silver Tungsten-Carbide

AgWCC

Silver Tungsten-Carbide Graphite

AgMo


Silver Molybdenum

AgSnO2In2O3

Silver Tin-Oxide Indium-Oxide

AgMgONi2O3

Silver Magnesium-Oxide Nickle-Sesquioxide
AgFe


Silver Iron
AgFe2O3

Silver Iron-Oxide
Copper-based

Cu


Copper
CuCr


Copper Chromium
CuW


Copper Tungsten
CuWC


Copper Tungsten-Carbide
CuC


Copper Graphite
CuCMoS2

Copper Graphite Molybdenum-Disulfide
CuCZnSn

Copper Graphite Zinc Tin
CuCMoS2Zn

Copper Graphite Molybdenum-Disulfide Zinc
Precious metal-based

Pt


Platinum
PtRu


Platinum Ruthenium
PtIr


Platinum Iridium
Pd


Palladium
PdRu


Palladium Ruthenium
PdAgCuPtNi

Palladium Silver Copper Platinum Nickle
PdAgAuPtCuZn
Palladium Silver Gold Platinum Copper Zinc
Au


Gold

AuAg


Gold Silver
AuAgPt

Gold Silver Platinum
AuAgNi

Gold Silver Nickle
AuCuPtAg

Gold Copper Platinum Silver
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