History of Copper Water Piping In the United States
Copper water piping was first introduced to the United States in the late 1920’s.  In 1932 The American Society for Testing and Materials (ASTM) standard B88 was created as the standard for seamless copper piping. Copper water piping is currently widely used throughout the United States construction industry.  It is estimated that 85% of homes in the U.S. have copper water piping installed. Records of consumption of copper piping have been kept since 1945.  Market data compiled and published by the Copper Development Association (CDA) in the early 1980’s reflected the production, sale and installation of copper water piping had already exceeding more than half a billion linear feet annually at that time.
    The CDA has estimated that over 50 billion linear feet of copper piping has been installed throughout the United States as of 2003.  Currently about 750 million pounds of copper (about 1.2 billion feet) are installed annually.  California alone installs 50 million pounds of copper (about 80,000,000 feet) annually.


The use of copper piping in California started around 1962 in the home construction market.  By 1970 copper had become the exclusive material of choice for water piping in the state.  It is estimated that 98% of all housing built since 1970 in California contains copper piping.  Most of the states seemed to have followed the same time-line as California, in the use of copper piping.  The CDA is very protective of records with the amount of consumption but has furnished enough data to calculate these assessments.    

Copper piping characteristics

The National Sanitation Foundation (NSF) has approved copper piping if the pH is at a level of above 6.5.  A pH of 7.0 is neutral and below that amount water becomes acidic and attacks copper pipes (the lower the pH the faster it generally attacks the copper).
 Acidity of water is measured on a pH scale, which range from zero (maximum acidity) to 14 (maximum alkalinity).  The middle of the scale, 7 represents the neutral point and alkalinity increases from 7 to 14.  This is al pretty straightforward, except that the pH scale is based on logarithmic progression, much like the commonly used “Richter” scale for earthquake measurement. The difference of one pH unit represents a tenfold change in acidity. Newly installed copper releases higher rates of dissolved copper for the first few months until a protective layer of oxide and carbonate forms. This film acts as a barrier that slows the affects of corrosion.    Depending upon the source and treatment of the water, the film is a mixture of copper oxides and calcareous mineral scale.  This protective film creates a barrier between the inside metal surface of the piping and the flowing water. 
 When water containing dissolved oxygen at a pH of 7 or more is first introduced into the plumbing system a slow rate of this uniform corrosion begins the formation of the protective film (patina).   However, should the pH in the water supply drop below 7 the copper oxide film (barrier) starts to dissolve, or will not form sufficiently to provide protective barrier and the corrosive action of the water will start to attack the pipe.  
When the original design criteria and engineering standards first purposed and adopted for the manufacturing and approval of copper tubing a service life of 20 years was excepted based on the corrosion rates listed below, but an actual life expectancy of 25 to 40 years has been reached in some areas of the United States. Achieving a long problem free service life from copper water tube is dependent upon the formation of a uniform protective film on the inside of the tube.  As the protective film develops during the initial few months of use, the corrosion rate decreases from an initial value of 0.001 to 0.003 inch per year on a clean metal surface to a long term average rate of 0.0003 inch per year.  This rate calculates out to a 20 year service life.  The long term corrosion rate value, according to the American Water Works Association, is typical for copper tube in potable waters containing dissolved oxygen and a pH between 7.0 and 9.0.  Any physical or chemical condition that interferes, with the initial film formation process, or results in damage to the film, will cause accelerated pitting type corrosion and short term failure of the copper tubing.  Short term failures generally occur within 1 to 6 years of placing the plumbing system into service. 

Why is Copper being regulated?

In 1974, Congress passed the Safe Drinking Water Act. This law requires EPA to determine safe levels of chemicals in drinking water which may cause health problems. These non-enforceable levels, based solely on possible health risks and exposure, are called Maximum Contaminant Level Goals.

In June of 1986 Congress made amendments to the Safe Drinking Water Act.
The EPA was given enforcement powers to deal with recalcitrant water systems and underground injection well operators. It also imposed a ban on the lead-content contained in plumbing materials. Studies have found that excessive levels of lead in drinking water can harm the central nervous system in humans, especially children. 

The new law starting in 1986: 

· Requires EPA to regulate more than 80 contaminants in drinking water within three years, and after that, at least 25 more by 1991. 

· Requires certain water systems using surface water sources to use filtration treatment under appropriate circumstances. 

· Requires certain water systems using groundwater sources to use disinfection treatment. 

· Calls for EPA to impose new monitoring requirements on public water systems for contaminants not yet regulated. 

· Provides for a demonstration program to protect critical portions of designated aquifers. 

· Requires states to develop programs for protecting areas around wells supplying public drinking water systems. 

· Requires EPA to issue new rules for monitoring wells injecting wastes below drinking water sources, and report to Congress on other types of injection wells. 

· Prohibits use of lead solders, flux and pipes in public water systems. States will enforce this provision. 

Standards 

As part of the June 1986 83 new amendments were required to be adopted in the new primary drinking water standards within three years from its adoption. 

· EPA must require nine contaminants within a year of enactment, another 40 within two years, and the rest within three years. 

· EPA has the option of substituting up to seven other contaminants for those on the list if it finds this will give greater health protection. 

· In addition to the above 83, at least 25 more primary standards will be required by 1991. 

· By 1988, EPA must specify criteria for filtration of surface water supplies. 

· By 1990, EPA must specify criteria for disinfection of groundwater supplies.
 

The MCLG for copper has been set at 1.3 parts per million (ppm) because EPA believes this level of protection would not cause any of the potential health problems described below.

Since copper contamination generally occurs from corrosion of household copper pipes, it cannot be directly detected or removed by the water system. Instead, EPA is requiring water systems to control the corrosiveness of their water if the level of copper at home taps exceeds an Action Level.

The Action Level for copper has also been set at 1.3 ppm because EPA believes, given present technology and resources, this is the lowest level to which water systems can reasonably be required to control this contaminant should it occur in drinking water at their customers home taps.

These drinking water standards and the regulations for ensuring these standards are met, are called National Primary Drinking Water Regulations. All public water supplies must abide by these regulations. 

Many of the new methods to control the pH balance and elimination of the Natural Organic Matter (NOMS) seems to be the cause of the acceleration of copper failure.  Dr. Mark Edwards of the Virginia Tech has preformed extensive research on the cause and effect of the EPA’s 1986 amendment.  
Reported Health Issues with Copper

Rare cases of aggressive water have had short term effects such as gastrointestinal, nausea.  Between time periods of 1954-1998 only 154 confirmed cases in the US have been reported by the CDA. 


Corroding copper tubing has been reported in cities as far apart as Phoenix, Arizona; Andover, Massachusetts; Santa Clarita, California; Lima, Ohio; Washington, DC; and Jacksonville, Florida.

In July of 1994, Florida Builder Magazine reported documents showing the problem dating back more than two decades.  Thousands of failures were documented in Cape Coral alone, while copper was shown to be “failing at a dramatic rate” in many other areas, as well.

In August 1994 Reeves Journal, based in California covered a story in Highland City which homeowners suffered from low pH in the water supply and had severe pitting in their copper piping for years.

In June 1996 Las Vegas Business Magazine wrote about cases of copper piping, corrosion and failure in as little as one year after installation.

In June 1997 the Press Enterprise News Paper in Riverside, California reported that more than 80 cities citied problems with copper pipes in Riverside and San Bernardino, it was particularly bad, as thousands of homes were affected.

In August 1997 the Akron Beacon Journal in the Midwest reported on a City Council meeting in which the topic of leaking copper pipes was debated.  They reported leaks occurring in as little as 2 years after installation.

The highest profile case to date has been from the Washington Post which ran a series of articles that demonstrated “the problem was becoming more widespread”.

Conclusion

The general public has been lead to believe copper piping will “last forever” and that it has a history of reliable service considering the billions of feet of copper piping installed throughout the United States.  The facts differ from that conclusion.  The majority of copper piping has been installed in the past 35 years.  According to the original engineered specification the copper was only meant to have a life expectancy of 20 years.  The changes in water chemistry made by the EPA, within the past fifteen years have appeared to be decreasing the life expectancy.  In many areas 10 to 15 years is the maximum service life copper piping is achieving.  Over the past fifteen years we have begun to experience the effects of dramatic and massive failures of copper piping in many parts of the United States. The cost of these failures to United States alone may result in 5 to 10 trillion dollars in expenditure by insurance companies, corporations, governments and individual homeowners.  This excludes the potential health risks and medical costs that appear to be linked with the increased exposure through the consumption of copper from water piping.  Copper is known to be a toxin if absorbed at a rate higher than the human body can absorb and eliminate through the natural process of excretion.  Research doctors across the county are starting to find links between copper and Cancer, Autism, Alzheimer’s disease and many other neurological diseases.  The facts are clear, that copper water piping doesn’t last forever, the health and financial costs related to the failure of copper piping will effect generations of Americans to come.
� History of use and performance of copper tube for portable water service: Richard O. Lewis, P.E. Lewis Engineering and Consulting, Inc


� Copper Development Association


� PlumbingMart.com


� International copper Association


� History of use and performance of copper tube for portable water service: Richard O. Lewis, P.E. Lewis Engineering and Consulting, Inc


� Free drinking Water.com


� EPA press release June 1987


� Free drinking Water.com


� International copper Association


� Plumbing Contractor News





PAGE  
2

