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CALELPAS C‘ California Professional Association of Specialty Contractors

" November 27, 2007
DEC -5 2007

California Department of General Services, Real Estate Services Division

. . . . .. - REAL ESTATE
Professional Services Branch, Environmental Services Division SERVICES DIVISION
707 Third Street, Suite 3-400
West Sacramento, CA 95605
Attn: Valerie Namba, Senior Environmental Planner

RE: Environmental Impact Report on PEX Tubing

Dear Valerie,

The California Professional Association of Specialty Contractors, Inc. ("CALPASC") is a not-for-profit
trade association composed of specialty or trade contractors, material suppliers to those
contractors and affiliate members who are all located in California. CALPASC has 550 member
companies, representing approximately 75,000 employees.

CALPASC has a large number of plumbing contractors as members. They are very much in support
of having the option of utilizing PEX tubing on jobs. There are other trade contractors, such as
concrete, framing, drywall, and finish carpenters, who also benefit from and are strongly in support
of utilizing PEX tubing as an alternative material.

CALPASC sincerely appreciates the time and effort that you, Dave Walls, and Heather Halsey have
taken to allow the public to interact with you on this issue, on a local basis. CALPASC strongly
encourages this type of open communication for future issues as well. CALPASC members would
like for you and your colleagues to be as educated as possible regarding the benefits of PEX tubing
versus copper. Therefore, we have included an Appendix with this letter for your review containing
important information regarding copper versus PEX tubing. If you have any additional questions
regarding this Appendix, or would like additional information about PEX tubing, please contact Tom
Price of Trilogy Plumbing. His phone number is (714) 745-3215. His email is zztomas@aol.com.

Additionally, CALPASC supports the items proposed for the Environmental Impact Report in the
initial Notice of Preparation and Initial Study dated October 31, 2007. However, CALPASC
respectfully requests the addition of the following items for consideration in that EIR:

1. Reviewing whether PEX tubing should be allowed to be installed under concrete slabs. The only
exception might be for PEX tubing being inserted into an ABS sleeve for island sinks. It appears
that the consensus of the industry is that PEX tubing should not be installed under slabs.

2. Reviewing the positive aépects of PEX tubing in regards to air quality issues. By substantially
reducing the exposure to fires during installation, PEX tubing is good for the environment.
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3. Reviewing the positive aspects of PEX tubing in regards to water quality. If PEX tubing is
damaged during installation, it will leak right away, causing minimal water damage to the
housing unit and the environment. Other substances such as copper, may not begin to leak for
two or three years, causing substantial damage to a finished housing unit, and potential mold

problems. :

CALPASC thanks you again for your time and thorough review of this matter.
Sincerely,

Dave Louden Bruce Wick
CALPASC Director of Government Affairs CALPASC Director of Risk Management
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Appendix - Copper Tubing Versus PEX Tubing

The reason plumbing contractors and builders are concerned about PEX tubing
water piping being adopted are many. Copper tubing, which has been the product of
choice for decades, is now developing pinhole leaks and failing at alarming rates.
When copper fails, it is not defective; it is reacting to its environment. The water
chemistry has changed over the last decade. Much of the change is directly related
to EPA mandates to change the disinfectant product from chlorine to chloramine.
The Metropolitan Water District (MWD}, which supplies over 60% of the water to
Southern California, uses chloramines as the exclusive disinfectant product.
Chloramines are a mixture of chlorine and ammonia. The unintended consequence
of this chemical change is that the ammonia reacts with the copper and causes the
copper to develop pinhole leaks. The second source of water in addition to the
MWD surface-collected, or reservoir water, is well water. Well water will get more
aggressive during droughts because the water is pumped from lower in the well.
The well water pH is many times lower than the pH 6.5 which is the level at which
the water will no longer be compatible with copper. Often, the well water has an
over abundance of dissolved gases such as oxygen or carbon dioxide. According to
the Copper Development Association ("CDA"), water with CO; content of above 10
mg/liter or oxygen content above 4 mg/liter is not compatible with copper. Many
water districts will blend MWD water with well water, giving us the worst of both
worlds for copper.

The issue is liability. When copper leaks for whatever reason, the plumbers and"
builders get involved in a lawsuit with a homeowner or the homeowner's insurer.
The CDA has a 50-year warranty on copper for it not to fail, but the exclusions from
that warranty are aggressive soil, aggressive water or trade damage. Tom Price, a
CALPASC member, states that in his 35 years of plumbing, he has only seen 2 pieces
of defective copper. He has also never seen the CDA honor a warranty claim for
failed copper. We need alternate materials. Effective January 1, 2008, we will be
able to install CPVC plastic water piping, but we would also prefer to use PEX tubing,
as it is easier to install and comes in 100 foot rolls which are flexible and will have
fewer joints in the walls.

CALPASC suggests that Section 604.11.1 of the EIR standard be amended to include
plastic insert fittings as well as metal; or, just remove the word metal. As worded,
some building inspectors may read that section as meaning that only metal insert
fittings are approved, which is not the case. CALPASC also suggests that the
installation of PEX tubing be limited to above the slab only, to negate the
permeability issues of the soil. Where PEX tubing is being installed for an island
sink, the PEX tubing should be encased in a sleeve of ABS plastic pipe or corrugated
flexible area drain piping to protect the PEX tubing from contact with pesticides or
petroleum byproducts. This sleeve would also allow the piping to be placed through
the sleeve after the slab is poured, eliminating the chance of damage or
contamination during the slab pouring process.



PEX tubing is the most cost-effective product for water piping on the market. The
cost per house ranges from $500 to $1,500 less expensive than copper, depending
on the size of the house. PEX tubing is inert and will not react with aggressive water
chemistry. PEX tubing is self insulating and does not transfer heat as copper does.
PEX tubing is quiet and does not transfer water noise as copper does. PEX tubing is
not subject to theft, as it has no value on the scrap market as copper does. There is
no torch used on PEX tubing installations which reduces the threat of fire during the
installation process.

There is also the health issue of using copper. In 2005 HCD published a 9 page
document titled, "SUMMARY OF LITERATURE SEARCH ON COPPER LEACHING INTO
DRINKING WATER FROM COPPER PIPE." There were 3 parts to the study:

A. Known and suspected toxicity of copper to humans and other living organisms.
B. Pipes leaching copper and other contaminants into the drinking water.
C. Scientific community recommendations on copper in drinking water.

This study is excellent and should be provided to all homeowners. The study states
that, -
"It takes 2 to 5 years for copper to cure and form the Patina or Oxidation
which is the protective barrier that makes copper last. If the Patina never
forms, the copper will fail from the reaction to aggressive water. During
the curing process, raw copper is leaching into the water systems. When
copper is in drinking water, it can reach the blood stream within 15
minutes as water permeates through the stomach lining quickly. The
Public Health Goal ("PHG") for copper content in drinking water is .17
mg/liter. Having said that, a very small percentage of drinking water ever
meets the PHG."

The action level set by the EPA for copper content is 1.3 mg/liter. At the
action level or above, a person drinking such water will get sick. The '
plumbing contractor members of CALPASC conducted a test of approximately
400 new homes that were 1 year old or newer. Homes from San Diego to Los
Angeles were tested. Twenty percent of those new homes had copper levels in
the drinking water that exceeded the action level. Over 95% of the homes
exceeded the PHG. When water districts test their water to produce the
Annual Water Quality Reports each year, they do not test the water at the
homes to see water's reaction to copper or copper’s reaction to water. They
test at the well pump heads. There is no copper in the water system at that
point. The purpose of explaining this is that Americans and Californians are
needlessly being exposed to dangerouslevels of copper contamination from
copper water piping in their homes. Nobody is testing for it. As you will see
from the HCD's 9-page document referenced above, the health risks are great
and many researchers state that copper content in water may well be the
cause of Alzheimer's Disease, Autism, ADD and many illnesses.



SUMMARY OF LITERATURE SEARCH ON COPPER LEACHING
' INTO DRINKING WATER FROM COPPER PIPE

The following summary bas three cornponents: .
A Known and Suspected Toxicity of Copper to Humans and Other

Living Organism.

B. Pipes Leaching Copper and Other Contaminants Into The Dninking
Water.

C. Scientific Communty Recommendations on Copper in
Drinking Water.
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A Known and Suspected Toxicity of Copper to Humans and Other
Living Organism '

I. From CalEPA’s Office of Environmental Health Hazard Assessment:

The California Safe Drinking Water Act of 1996 (amended Health and Safety Code,
Section 116365) requires the Office of Environmental Health Hazard Assessment
(OEHHA) to adopt Public Health Goal (PHGs) for contaminants in drinking water
based exclusively on public health considerations. The PHG technical support
document provides information on health effects from contaminants in drinking
water. The PHG describes concentrations of contaminants at which adverse health
effects would not be expected to occur, even over a lifetime of exposure. PHGs are
developed for chemical contaminants based on the best available toxicological data in
the scientific literature. These documents and the analyses contained in them provide
estimates of the levels of contaminants in drinking water that would pose no

stgnificant health risk to individuals consuming the water on a daily basis over a
lifetime:

A PHG of 170 ppb has been developed for copper in driinking water.

Copper does not appear to be carcinogenic in animals or humans, therefore the PHG
is based on noncarcinogenic effects. The PHG is based on gastrointestinal effects in
children, the sensitive group for thus chemical. In one case report of a Vermont family
that consumed drinking water with a copper concentration of 7.8 mg/L, a seven-year-
old gir] experienced abdominal pain and a five-year-old girl expenenced episodes of
vomiting and abdominal pain after drinkang the water. To calculate the lowest-
observed-adverse-effect-level (LOAEL) the water consumphon of the two girls was
estimated at one liter per day. An uncertainty factor of 10 was employed to
extrapolate from an LOAEL to a no-observed-adverse-effect-level (NOAEL), and a
 relative source contribution of 80% was assumed. Based on these assumptions,
OEHHA calculates a PHG of 0.17 mg/L (170 ppb) for copper in dnnking water.

HCD- Page 1 0f 9
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The following health and environmental problems have been identified by various
health organizations and groups as potential toxic problems associated with
copper in drinking water. The below comes from the Environmental Defense

and have hyperlinks attached.

Human Health Hazards Reference(s)

Cardiovascular or Blood Toxicant KLAA

Developmental Toxicant : EPA-SARA

Gastrointestinal or Liver Toxicant ATSDR DOSS KLAA RTECS ZIMM
Kidney Toxicant : : YMERCK

Reproductive Toxicant EPA-SARA FRAZIER

Respiratory Toxicant

3. The National Research Council (NRC)' stated that the current health level
established by U.S. EPA for Cu is for acute exposure and is not suitable for
establishing a health base level for MCLG (maximum contaminant level goal).

The need to develop a chromc exposure level is necessary and will be much lower
concentration.

4. The average absorption of Cu by the body is controlled by the liver function and
15 30% to 40% and 1s influenced by age and genetic background. (see NRC 2000
Report)

5.

Infants fed formula with tap water are much more sensitive to elevated copper in
water because they have a higher absorption rate and reduced capacity to excrete
~ copper as those of an older age. (see NRC 2000 Report)

6. There 1s the potential role of genetics that underlie infant and childhood copper -
toxicosis. (see NRC 2000 Report)

7. Evidence suggests that when the bodies ability to regulate Cu is surpassed by
excess Cu, a large amount of Cu is released into the bloodstream damaging red
blood cells and causing acute hemolytic anemia. (see NRC 2000 Report)

8. Because reproductive and development effects are affected by small amounts of
Cu intrauterine devices by preventing embryuogenesis by blocking implantation
and blastocyst development that Cu exposure during the early postnatal period
requires additional study to determine teratogency duning pregnancy. (see NRC
2000 Report)

9. The ingestion of Cu should be cautioned against because of the possnblhty of the

hepatic (liver) susceptbility. (see NRC 2000 Report)

" Al the direction of Congress, U.S. EPA asked the National Research Council (NRC) fo review
independently the scientific and lechnical basis for U.S. EPA's health level for copper in drinking
water. The Committee members -were from the fields of loxicology, epidemiology, pathology,
pharmacology, genelics, physiology, medicine, public health, exposure assessment, nutrition,
chemistry, biostalistics, and risk assessmenl. The Commillee reviewed available toxicological,
epidemiological, and exposure dala and made specific recommendations in their 2000 published
report titted "Copper in Drinkirig Water,” Committee on Copper in Drinking Waler, Board of
Environmental Studies and Toxicology, Commission on Life Sciences, National Research
Council. '
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1.

12.

13.

14.

15.

16.

19.

There is an association between liver toxicity and copper in sensitive population
(Wilson Disease-2% of population). (see NRC 2000 Report)

A Wisconsin Department of Health and Social Service’s Division of Health
study stated Health studies have found that copper in drinking water can add 4 to
45 percent more copper to a person’s diet than what is in food sources.

In sensitive hursan populations, the majority target of chronic copper toxicity is
the liver and neurological toxicity with those with Wilson disease. (see NRC 2000
Report)

The Liver and brain are targets of copper toxicity in patients mthWﬂson disease.
(see NRC 2000 Report)

Excess digestion of copper in drinking water can cause nausea, diarrhea,
vomiting, and intestinal crarnps. Severe cases of copper poisoning have lead to
anemia and to the disruption of liver and kadney functions. They also sated that
individuals with Wilson’s and Menke’s disease (genetic disorders resulting in
abnormal copper absorption and metabolism) are at a higher risk from copper
exposure than the general public and can have scn'ous health problems. (see NRC
2000 Report)

Chronic exposure to excess copper causes liver toxicity and a number of chromc
cases of liver toxicity have been reported. (see NRC 2000 Report) e L
Dr Lewis Mehl-Madrona, M.D., Ph.D, Program Director, Center for Health and
Healing, Beth Israel Hospital/Albert Einstein School of Medicine reported that
studies suggest that environmental factors associated with learming disabilities

~such as Attention-Deficit/Hyperactivity Disorder (ADHA) have found

correlations between certain toxic agents such as copper accumulating in brain
tissue.

Dr. William Walsh, Ph.D., Co-Founder and Senior Scientist for “The Health
Institute and Pfeiffer Treatrnent Center” suggested that studies point to a potential
correlation for Autism Disorder and copper injustion that could impair neuronal
development, especially in the first 30 months of hife, which could result in
incomplete maturation of the G.I. track and brain.

Research is being carried out by Ashley Bush, Harvard Medical School and the
University of Melbourne and the PRANA Biotech School Melbourne that studies
the a link of copper accumulation in the brain that causes a buildup of hydrogen
peroxide which induces amaloid plaques in the brain i.e., Alzheimer’s disease.
An old antibiotic, Clioquinoline, is now being tested on 50 Alzheiroer’s patients
according to Dr. Ashley Bush of Massachusetts General Hospital and Harvard
Medical School. The drug was effective in mice expernments because it rermoved
copper and zinc in amaloid plaques in the brain that are a major feature of
alzheimer’s. There was a 51 percent reduction in the plaques in the mice and the
hope is that for humans it will aid the brain to “heal” itself to “clear out the mess”
causing Alzheimer’s.

In 1992 a 6 week old girl was diagnosed with methemoglobinemia induced by
simultaneous exposures of copper at levels close to the federal drinking water

- standards. The study stated that dnnking water that stands overnight in copper

pipes may often contain copper levels that exceed federal dnnking water

standards and that the water should be flushed prior to drinking water that stands

overnight in copper pipes according to the investigation by the Wisconsin

Department of Health and Social Service’s Division of Health.

Two Material Safety Data Sheet states that copper may cause anemia and other

blood ceil abnormalities and copper accurmnulates in various tissues and may result
HCD- Page 3 of 9



23.

24.

in liver, kidney, and brain damage. It has also been reported that copper
poisoning has lead to hemolytic anemia and accelerates artenosclerosis. -

The Medical Toxicology Unit from Guy’s and St. Thomas’ Hospital stated that
“Chronic poisoning with copper leads to gross hepatic copper overload with
severe liver disease in young children. Indian childhood cirrhosis have reports of
poisoning 1n young children as a result of high copper content in well water

The NRDC cited a study (Sidhu, K 1995?) in its report that recommended
decreasing the federal ma)umum allowed amount of Cu in drinking water 1n order
to adequately protect children’. This study found that infants and children up to
ten years of age have greater sensitivity due to the presence of normally high
concentrations of copper in the liver during early life and the lack of a fully
developed physiological mechanism for regulating levels of copper in the body.
One study, recognizing this difference, recommended decreasing the federal
maximum allowed amount of Cu in drinking water in order to adequately protect
children.

In a report by the International Programme of Chemical Safety titled
“Environmental Health Criteria 200 Copper the following findings were made:

(1) Ingestion of excess copper is infrequent in humans and 1s usually a consequence of

the contamination of beverages (including drinking-water) or from accidental or
deliberate ingestion of high quantities of copper salts.

Effects which occur at lowest levels are those on the gastrointestinal tract; for
example, nausea, vomiting and diarrhoea. Doses which induce such effects have not
been well characterized and confounders such as microbiological quality of water
supplies or other potential causes of the symptoms have not been adequately
considered. On the basis of available data, gastrointestinal iliness appears to be
associated with consumption of drinking-water containing several mg/litre of copper,
but it is not possible to provide a prec1se number. Symptoms disappear following a
change of water supply.

(2) Human health risks are risks associated with low intakes as well as high intakes
of essential elements. The relationship between intake/exposure level and risk
therefore has a U-shaped curve, wit risks from deficiency at low intakes and nisk
of toxicity at high intakes. There is a need to define an intake range that prevents
both deficiency and toxicity for the general population. The range of acceptable
intakes to meet the biological requirement, as well as prevent nisk of toxicity, may
be extremely narrow. A balanced and comparable scientific approach to
assess risk from deficit as well as excess is needed when evaluating
essential elements such as copper.

(3) 'When copper homoeostatic control is defective and/or copper intake 1s
excessive, copper toxicily may occur.

(4) People with Menkes and Wilson disease are at nsk with copper
contained drinking water.

5y Menkcs disease is an X-linked recessive disorder of copper metabolism that
occurs in approximately 1 in 200 000 live births. Chinically the condition resembles a
copper deficiency state and is characterized by skeletal abnormalities, severe mental

2
Sidhu, K =t 3l "

Nesd to Revise the National Dniniang Water Regultation for Copper,” Regulatory Toxicology and Pharmacology

22, August 1995, pp. 95-100.

From NRDC's “Tovic Chermcals & Healih, Kidy' Healiho n Gepth Repors Our Children At Risk: The S Wors: Envisonmenial
Threats To Their i1zalih. Chapler 7; Drinking Water Cortamination,



_retardation, neurological degeneration and death in early childhood. The symptoms of
Menkes disease result from a deficiency of coppcr and its effects on the function of
copper-dependent enzymes. : -

(6) Wilson disease is the.most extensively described inhented disorder of copper
metabolism. The gene is distributed worldwide, having been demonstrated in
virtually all races. Current global estimates indicate that the incidence rate of the
disease is approximately 1 in 30 000 live births, with prevalency ranging from 15
to 30 per million. The gene frequency vanes between 0.3 and 0.7%, corresponding to
a h Copper (EHC 200, 1998) '

(7) Idiopathic copper toxicosis, or non-Indian childhood cirrhosis Scattered reports
of early childhood cirrhosis similar to ICC, referred to as copper-associated
idiopathic copper toxicosis (ICT) have appeared from some Western countries
(Walker-Smith & Blomfield, 1973; Miller-Hocker et al., 1987; Adamson et al., 1992;

* Gormally et al., 1994).Copper (EHC 200, 1998)

(8) In England a correlation study, with measurements made after diagnosis of
coronary heart disease, has shown higher serum copper levels in cardiovascular
disease patients (Punsar et al., 1975). '

(9) Available data in humans and animals are inadequate 1o assess the
reproductive/developmental effects of copper compounds on humans..

(10) Bioaccumulation of copper by microorganisms, plants or animals
from their surrounding environment can be adverse and must be studied
further.

(l 1) Copper exhibits significant toxicity to some aquatic organisms, a]thouch

the degree of toxicity i1s highly vaniable and the biocavailability of copper
dictates its toxicity to a large extent.

B. Copper Water Pipes Leaching Copper and Other Coutaminants Into The
Drinking Water

1. The California Department of Health Services (DHS), Drinking Water Program,
has a Water Quality CD available which 1s all of the hustorical drinking water data
beginning in the late 1980's through the present. The data is the mandated
sampling, testing and reporting of drinking water by water systemns, primarily
large water systems (more than 200 connections), drawn at designated

"delivery/sample locations before delivery to households. DHS was unaware of
any governmental agency that had data on water samples taken from the tap in
households.

2. According to the U.S. EPA” and the National Research Council (NRC),
metallic copper is unstable and.subject to corrosion when in contact with water
and 1t is a “mistake to” assume that copper metal (Cu) and its alloys “do not leach
into the drinking water.” This includes water temed non-corrosive or water
tIeaLed to make it less corrosive. Copper occurs in drinking water primarily due

to its use in plumbing materials. Copper leaching continues from installation until
about 10 year of service.

3. A review of the Associated Laboratories data developed from July 17 through
Tuly 25, 2002 at the Murrieta Ranchos Development in the City of Murieta,
California showed copper concentrations from 22 homes ranging from a low of-

* USEPA Ground Water and Drinking Water Technical Fact Sheet on Copper.
HCD- Page 5 of 9
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146 ppb to a hagh of 2,400 ppb. The Public Health Goal for copper in drinking
water as established by CalEPA’s Office of Environmental Health Hazard
Assessments is 170 ppb. 21 of these homes have exceeded this PHG level. The
average pH of the water tested was 7.4 which 1s slightly basic not acidic.

A 1975 AWWA Journal reported that corrosion of household Cu plumbing
Several states have measured CU concentrations in drinking water from Cu pipes
that exceeds U.S. EPA MCLG levels. (See NRC 2000 Report)

Water sofieners using ion exchange are likely to have increase Cu contaraination
fevels in the dnnking water. (See NRC 2000 Report)

was a major source of Cu metal contamination in U.S. drinking water.

The Agency for Toxic Substances and Disease Registry (ATSDR)’ created the

“Public Health Statement for Copper” which states that you may be exposed to
high levels of soluble copper in your drinking water, especially if your water is
corrosive and you have copper plumbing and brass water fixtures. - The average
concentration of copper in tap water ranges from 20 to 75 parts per billion (ppb).
However, many households have copper concentrations of over 1,000 ppb (near
the upper limit of U.S. EPA’s Maxumum Contaminant Level. This is because
copper is picked up from copper pipes and brass faucets when the water sits in the
pipes overnight. After the water is allowed to run-for 15-30 seconds, the
concentration of copper in the water decreases.
Copper pollution in the Town of Discovery Bay, California has lead to a NPDES
permit issued by the California Regional Water Quality Control Board requiring
the removal of Cu from the water supply through a “Pollution Prevention Plan.”
The major cause of copper pollution 1s from the use of water softeners that are
installed on copper piping systems in homes of Discovery Bay. (see letter from
Virgil Koehne, General Manager of the Town of discovery Bay, August 22,
2003.)
In February 1997, the Office of Dninking Water for the U.S. EPA Environmental
Criteria and Assessment Office reported that 2 majonity of copper present in
drinking water appeared to come from copper pipes and they were unable to
estimate the number of individuals who regularly consume water that exceed safe
MCL (Maximum Contaminant Level) levels for copper.
An article published a recent issue of the Wisconsin Medical Journal detailed two
separate cases in Wisconsin reported that ingestion of copper-contaminated
drinking water resulted in numerous reports of nausea, vomiting and abdominal
discomfort because of new copper piping systems. Samples analyzed showed -
copper level exceeding Federal MCL levels. In the following weeks, 251 families
submitted first drawn water samples (afier sitting overnight) and 48 had copper -
evels that exceeded federal limits. The homes were built in the past 10 years had
the highest copper levels in the water.
Washington State Department of Health stated that most Cu in drinking water’
comes from household plumbing and that copper contamination can accumulate

overnight (called “first flush”) and recommends that households flush their water
before use for the first 30 to 45 seconds.

> ATSDR is an agency of the U.S. Department of Health and Human Services whose purpose is to serve
the public by using the best science, taking respocsive public health actions, and providing trusted health
information to prevent barmiul exposures and disease related to toxic substances.
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13.

14.

15.

16.

17.

A Wisconsin Department of Health and Social Service’s Division of Health study
stated that “first flush” drinking water in Cu pipes often contain Cu levels that
exceed federal drinking water standards and should be flushed prior to drinking.
Each year thousands of pounds of copper enter the San Francisco Bay, and the
accumulation is harming aquatic life. Research shows that corrosion from newly
installed copper pipes is 5 times higher than that from older systems. A Copper
Action Plan for the NPDES permit for Palo Alto whose receiving waters are the
San Francisco Bay estimated in 2002 that corrosion accounts for 60% of the

_estimated Cu sources. The Regional WaterAQuality‘ Control Plant’s discharge

permit (Order No. 00-109) requires outreach to plumbers and designers to rednce
corrosion of copper pipe via better design and installation. o

Test carried our in Victoria in 1976 by the State Water Supply cornmission
indicated that fluoride is involved in the corrosion of the copper pipes, which
causes more leaching into the water. Leaving fluorinated water standing in the
copper pipes for longer periods of times allows for more corrosion. Countries
such as Switzerland, Belgium, Holland; Germany, and Sweden have terminated
the use of fluoride due to its potential health hazard. .

The presence of acidic water in household plumbing systems resulted in levels of
copper or zinc up to 9,000 ppb being recorded in water from cold taps, and up to
22,500 ppb from hot taps. (IRC 2000, Section R324)

In the City of Highland, the Richmond Creek subdivision experienced 175-200
pin hole leeks in the 67 homes (Letter to Department from Richmond American
Homes of California, March 1, 1993)

The initiation of pits in copper water tubing has been correlated to carbon films

- left on the surface dunng manufacturing, flux residues from soldering, debris left

in tubes during installation and water chemistry parameters (Chester Neff, P.E.
Chemist, July 31, 1991 Letter to DEC Consultants in San Diego)

Seientific Communpity Recommendations on Copper in Drinking Water

Office of Environmental Health Hazard Assessment (OEHHA) established in
1997 the current Public Health Goal of 0.17 mg/L (ppb) for copper which was
based on acute gastrointestinal effects in children. QEHHA is currently reviewing
the 1997 standard and staff has suggested that a target level of copper in drinking
water, measured at the tap, should be in the range of 0.1 to 0.3 mg/L (ppb), i.e., at
about the level of the current PHG.

Given the potential risk for toxicity in humans, quantification of copper

toxicity should be undertaken and the MCLG for copper be re-evaluated. NRC
stated the current health level established by U.S. EPA for copper 1s-based on
acute exposure to copper and is not suitable for establishing a MCLG (maximum
contaminant level goal). A chronic exposure level is necessary for the MCLG.
The National Research Council (NRC)® stated that because reproductive and
development effects are affected by small amounts of Cu intrauterine devices by
preventing embryuogenesis by blocking implantation and blastocyst development
that Cu exposure during the early postnatal period requires additional study to
determine teratogency during pregnancy. The reproductive and development
effects of excess copper is not well known other that small amounts of copper

¢ See footnote #1



from intrauterine devices can prevent embryuogenesis by blocking implantation
and blastocyst development. The committee commended that copper exposure
during the early postnatal period requires additional study to determine
teratogency dunng pregnancy. (see NRC 2000 report)

4. The NRC recommended that increase in the ingestion of Cu should be cautioned
against until the hepatic (liver) susceptibility is clearly identified.
5. The NRC recommended that studies be conducted to characterize the

potential role of genetics that underlie infant and childhood copper toxicosis.

6. The NRDC cited a study (Sidhu, K 19957} in its report® that recommended
decreasing the federal maximum allowed amount of Cu in drinking water in order
to adequately protect children. This study found that infants and children up lo
ten years of age have greater sensilivity due to the presence of normally high
concentrations of copper wn the liver during early life and the lack of a fully
developed physiological mechanism for regulating levels of copper in the body.
One study, recognizing this difference, recommended decreasing the federal
maximum allowed amount of Cu in drinking water in order to adequately protect
children 2

7. The Agency for Toxic Substances and Disease Registry’ which created the
“Public Health Statement for Copper” stated that because many households have
copper concentrations of “first drawn” water over 1,000 ppb (near the upper limit
of U.S. EPA’s Maximum Contaminant Level that after the water is allowed to run
for 15-30 seconds, the concentration of copper in the water decreases.

8. A Wisconsin Department of Health and Social Service’s Division of Health study
stated that dnnking water that stands overnight in copper pipes may often contain
copper levels that exceed federal dnnking water standards and that the water
should be flushed prior to drinking water that stands overnight in copper pipes
according to the investigation.

9. A Washington State Department of Health and Social Division of Health Study
stated that most copper in drinking water comnes from household plumbing and
that copper contamination can accumulate overmght (called “first flush”) and
recommends that households flush their water before use for the first 30 to 45
seconds.

10.  The Nebraska Health and Human Services recommends flushing houvsehold water

- supply prior to use if it has stood in pipes for six hours or more and this water
should not be used for drinking or cooking. If you live in an apartment complex,
flushing may not be as effective for reducing copper levels. Water from the hot
water tab shouldn’t be used for dnnking or cocking. If the results of water testing
show elevated copper levels, flushing may not be adequate for children or infants
and an alternate source of water my be needed.

11.  The Regional Water Quality Control Plant’s discharge permit (order No. 00-109)
requires outreach to plumbers and designers to reduce corrosion of copper pipe.

12. Known Copper pollution in the Town of Discovery Bay, in Danville, CA that has

a California Regional Water Quality Control Board NPDES permut with a

7 Sidhu, K_ et al., "Need 10 Revise the National Drinking Water Regulation for Copper,” Regulatory Toxicology and Pharmacoiogy 22,
August 1995, pp. $5-100.

' From NRDC's “Toxic Chemicals & Health: Kids' deahh: In Depth. Report; Qur Children Az Risk; The S Worst Environasental
Threats To Their Health; Chapler 7; Drinking Water Contamination.

? ATSDR is an agency of the U.S. Department of Health and Humao Services whose purpose is to serve
the public by using the best science, taking responsive public health actions, and providing wusted heaith
information to prevent harmful exposures and disease related to 1oxic substances.
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requirement for a Pollution Prevention Plan to remove copper from the water
supply. The recommendation will be to replace the copper pipe for new homes
with alternative plastic pipe.

The NRC recommended genetic animal models be used to determine the
associations between liver toxicity and Cu in sensitive populabon (Wilson
Disease-2% of population).

The NRC recommended that epidemiological studies of population who have
been chronically exposed to elevated copper should be carried out to determine
the pature and frequency of chronic effects, especially in sensitive populations.

Determine the bioavailability of dietary copper, particularly in vegetanan diets.
Copper (EHC 200, 1998)

In human populations develop the methodology for identifying adverse effects of
roarginal copper deficiency and of intakes in excess of recommended levels. This
should include an evaluation of stable 1sotope technology to define bicavailability
and body stores of copper. Copper (EHC 200, 1998)

Determine the concentrations of copper and the other quality parameters of

drinkang-water that produce toxicity from single and chronic exposures (e.g.
gastrointestinal effects). Copper (EHC 200, 1998)

Characterize the mechanisms that influence copper homoeostasis mcludmg

placental transfer of copper. Copper (EHC 200, 1998)
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sJ:e,IE_QL{;ALEQRMA -ALISTNFSS_TRANSPORTATION AND HOGUSING AGENCY . ' ARNOILD SCHWARZENEGGER Gavermor

DEPARTMENT OF HOUSING AND COM'\/IUN]TY DEVELOPMENT

" OFFICE OF THE DIRECTOR
1800 Third Sweet, Room, 450
Sachmcmo. CA 94252-2050
(916) 445-4775
Fax (916) 32¢-5107
wway hicd ca gov

June 28, 2004

Mr. James Kanell, President
Casa Plumbing, Inc.

856 North Elm Street, Suite L
Orange, CA 92867

Dear Mr. Kanell:

Public Petition - HCD-P-1/04
Petition to the California Plumbing Code, Section 604.1.2,
Statewide Use of CPVC Water Pipe within A}l Residential Structures.

On April 27, 2004 the California Building Standards Commission (Commission) made a finding
that your petition, identification number HCD-P-1/04, as submitted is in compliance with
California Code of Regulation, Title 24, Part 1, Article 1-8 and is complete (henceforth all
sections are referenced to this cite unless otherwise noted). Pursuant to Section 1-805(a) the
Department of Housing and Community Development (Department) concurs with the
Commission’s April 27 finding.

Pursuant to the duties specified in Section 1-805, the Department is required to inform the
petitioner in writing that it rejects, accepts, or approves the petition in part and may grant such
“other relief or take such other action as it may determine to be warranted by the petition.
Because the petition HCD-P-1/04 includes an emergency clause, the Department is also required
under Section 1-805(b) (4) to rule on the reasons. posed for the emergency clause, and if it
concurs that an emergency exists, the Department must schedule code development and adoption
procedures on an emergency basis.

Petition HCD-P-1/04 consists of two parts. The first part petitions the Department to amend
Section 604.1.2 of the California Plumbing Code (CPC), as an emergency rulemaking, to allow
the use of chlorinated polyviny!l chloride (CPVC) in residential structures on a statewide basis
with the continued requirement for worker safety and flushing requirements. The second part
requests the Department to investigate the health effects associated with the leaching of copper in
drinking water from copper water pipe.

- The Department is authorized under Health and Safety Code Section 17921 to propose for
adoption into the California Plumbing Code CPVC amendments that the Department finds
necessary for the protection of the public health, safety, and general welfare of the occupants of
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Page 2

residential structures. The Department has reviewed the information provided in the petition in.
conjunction with its own independent literature study and accepts the petition in. part. The
Department will propose regulations to discontinue Section 604.1.2(a) Finding Required, of the
California Plumbing Code, consistent with the petition’s request.

However, you are aware there exists a mitigated negative declaration concemning the limited use
of CPVC in California. In addition, there Is a current court order directing the Department and
the Commission to comply with CEQA prior to the approval of CPVC. Therefore, prior to
HCD’s submission of any proposed expansion of the use of CPVC, the Department must initiate
and complete the CEQA process. It is our intention to begin work on the initial study in July
2004. No final decisions can be made prior to the consideration of all relevant information during
both the CEQA and rulemaking processes.

The Department’s standard for proposing an emergency butlding standard to the Commission for
their adoption is provided in Health and Safety Code Section 18937 which requires specific
findings to be made pursuant to Government Code Section 11346.1. The specific findings
required to be made by the Department are specific facts that “the adoption of a regulation...” is
“necessary for the immediate preservation of the public peace, health and safety or general
welfare.”

The Department denies the emergency clause in the petition for cause. The Department relies on
the national testing processes for the selection of codes and does not have the staffing, expertise,
or the finances to verify the facts presented in the petition regarding the necessity for emergency.
The Department relies on approved national testing laboratories such as NSF, ANSI, and ASTM,
to provide approvals on various products. Currently copper 1s an approved matenial in all national
codes as well as the California Plumbing Code and has been approved to meet the minimum
standards for health and safety. Therefore, the Department denies the clause in the petition for an
emergency rulemaking based on the California Building Standards Administrative Code,
Section-806(c) because the issue of testing materials or products for health safety is not within
the Department’s jurisdiction. Additionally, for all the reasons listed here the Department will
not move forward with a Departmental investigation on the health effects of copper leaching in
drinking water from copper pipes as requested in the second part of the petition.

If you have questions, you may call Bill Staack of my staffat 323-7288.

Sincerely,

)
loL,
ra

Ted’ fidee -/5’1/ '
/L,u%:n/a Dunn /

Director



cc.

Tom Morrisson, California Building Standards Commission
Norm Sorensen, HCD

Jim McGowan, HCD

Chris Anderson, HCD

Dave Walls, HCD

Rich Friedman, HCD

Bilt Staack, HCD
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Welcome to the Drinking Water Symposium sponsored by CalPASC.

The residents of California do not have a choice when it comes to plumbing pipe. 1tis estimated
that residents spend over S100 million annually due to the restactions placed on plastic plumbing
pipe. This estimate is based on the number of new home starts per year, the maierial and labor
savings of using a non-metallic piping material, and the elimination of repiping duz to failed
copper plumbing systems. This estimate does not include the cost of associated property damage,
lower property value due to disclosure process, increases to Insurance premiums and personal
inconvenience.

More importantly, the method of water disinfection has changed significantly in the last few
years. Aggressive water has caused the failure of copper plumbing systems across the country in
alarming rates: And, the trace amounts of copper in the water supply can potentially be linked
with health-related 1ssues.

California is the only state in the U.S. that promotes the use of copper piping when installing 2
plumbing system by restricting the use of plastic piping alternatives. This symposium will begin
with a discussion on how and why copper is gatting into our watet supply. This discussion will
be followed by information linking even trace 2amounts of copper in the water supply to various
health issues.

Featured speaker Marc Edwards, Ph.D. from Virginia Polytechnic Institute and Stete Universiiy
will discuss water chemistry and its link to corrosion and pinholz leaks in coppzr pipes. Larry

Sparks, Ph.D. from Sun Health Research Institute will discuss the nsgative eiizcis of trace
amounts of copper in drinking water and its link to Alzheimer’s disease.

In April 2004, Casa Plumbing submitted a pztition to the State of California documenting thas2
issues and requesting the State to remove the restriction that local codz bodies must approve th2
use of Chlorinated Polyvinyl Chloride (CPVC) pipe based on findings. As of today in the State
of California, PEX plumbing material remains in a lengthy court battle and, while included in the
California Plumbing Code, CPVC plumbing pipe remains constrainad with costly and
cumbersome restrictions. You can read more about the status of alternative piping material in this
handont in the section titled State of California Update. '

If at the conclusion of this symposium, you are motivated by the information presented and would
- like to elevate this issue to the Buildings Standards Commission, please consider signing the
enclosed letter addressed to Fred Aguiar, Agency Secretary, State and Consumer Service Agancy

of the California Building Standards Commission.

Thank you for your attendance. -
Sincerely,

Tom Price -
Former Plumbing Contractor:



" -Drinking Water
. Symposium

An educational discussion on

Meet.our Speakers: the negative healih effects that

on your hzalth.

Mare Edwards, Ph.D.
Professor of Civil and Environmental Engineering
Virginia Polytechnic Institute and State University (VA Tech)

Marc Edwards, Ph.D., 1s the Professor of_Civil and Environmental Engineering at the
Virginia Polytechnic Institute and State University (VA Tech) where he and his research
. group are currently emphasizing research on internal COrTOSioN Processss in home
plumbing. This work is supported by the National Science Foundation (NSF), individual
water utilities and homeowners’ groups, the AWWA (American Water Works
Association) Research Foundation, and the Copper Development Association (CDA).

Dr. Edwards has published more than 70 peer-reviewed journal articles, made more than
100 national and international conference presentations, and delivered four key note
addresses. In both 1994 and 1995, Edv-ards received the Outstanding Paper Award in the
Journal of American Water Works Association. Since 1995, undergraduate and graduate
students advised by Dr. Edwards have won 14 nationally recognized awards for their
research work on corrosion and water treatment. ‘

The NSF and the White House honored him in 1996 with an NSF Presidential Facility
Fellowship, an award that is given to only 20 professors annually. In 2003, Edwards wes
awarded the Walter Huber Research prize from.the American Society of Civil Enginzers.
He is currently President of the Association of Environmental Engineering and Science
and Science Professors.

copper plumbing pipes can have



A noted researcher 17epOT1s
that be bas made
breakthrough i1 addressing
an Ongbing COTYOS1071
problem.

MaTrHEW V. VEAZEY, STAFF WRITER

ould the infamous pinhole
puzzle be solved?

Regular P readers may
recall a December 2002 fen-
ture article discussing the
problem of pinhole aks
forming in copper tubing in resiien-
tial svater distribution systems.! Tae ar
ticle states that the leaks would form
spontaneously in homes and apamimen:
buildings, surprising unsuspecing rest
in many cuses leading to destrudtive it

18
15

sive results. Some experts have Lvpothesizad i

the leaks, svhich became prevaient in the st
ban Washington, D.C., area and elsewhorein iy
late 1990s and earlier this decade. wure Gausnd
by tubing defects. Others have blamed <ur
rent, lightning, or microbiologically inil
corrosion (MIC). The previous MPacticle Fooesad
on a third explanation: changes in the £y Frew
ronmental Protection Agency’s (EPA TSy vty
treatment rules, specifically the “Lead wd o
per Rule [LCR]” calling for lower levels o i
ral organic matter (NOM), lead, and copirad i

b
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drinking water.? Those espousing this sufrslod

~

thought cited earlier Iaboratory cxpuriiiunl
demonstrating that NOMactsasan anndis
tor to copper and that metals corrode v

ferently in waters svith NOM than in AT
out it. The main drawback to this tig .
however, was that there was no know. ity G i

which anyone had rc‘pleﬂ[Cd the coppor it

e
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s
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This copoer pipe, from the D.C. W/ASA system, is largely hiddzn by
clamps placed over individuz! pinholz lz2ks. There hava been caszs in
vihich such lzaks have occurzd 2t 2 frequency greater than on2 par
inch of coppar tube, and hurdrzds of laaks have occurred in individual
buildings. Naw research from Virginia Tzch concludes-that aggressive
wiater, partly an efiect of fedzs2l viater guality regulations, causes this
problem. Photo courtesy of Marc Edwards, Department of Civil and
Environmental Engineerin Virginia Tech, Blacksburg, Virginia.
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than chlorine; the disinfectants thus
enhance protection from bacteria,
i viruses, and other organisms. Be-
cood ause - as reactiv -
10 71 .~ 13 caus they 't.re ~no& as reactive to'or
ganic magerial in 2L as chlorine,
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chloramines produce substantially
Jower concentrations of disinfection
byproducts in the distribution sys-
tem “Chloramines ace less renctive
with organic matter and mose persis-

dinn. TWe bave proven i the combinagion  tent-—Iiwo characteristics that are presently
felier pHL low organic matter. Apminas, and - deemed highty desirable in the context of mod-

{-ee chloring in water o sy prinhiole feaks ol ern disinfection,” says Edwards.

coppur.” heswys by addieion, the research fouind According to Edsvards, the siudy proves that -
Gor aluminum i swater catalyzod the ety sl vt alone can be the cause of pinhole leaks.

reaction hetween coppet and chilorine alier hee TOur experiments used copper wibe as pur

12 deposited on the copper seii This i~ 21 chased, as well as copper tube that had been
e driver of the copper piriing ks he  polishedtoa mirror-like finish to remove all sur-
cavs, adding that the fdimes wore conficmed i Lace contaminants,” he says. The composition of
4 subsequent third-parey study funded by the the water used in the laboratory wias based on
Capper Development Associazion (CDA New the muakeup of treated svater Edwards and his
vork. New York) Teshould be poted tha provie colleagues collected from areas that were expe-
cers studies have identified Jdantnuns tin ot ricncing pitting problems. “[The chlorine and

vearer) as the cause of pitting i ooppet ) Aluminum levels] were only 25 10 50% higher.

Cdwards als suspedts that using chileantines  than measured directly in field testing,” explains

areatd of Tree chloring with chovaned pils bow Fawards. “Given the fact that outbreaks of pit-

o VO aad aluiminum cin Cuse coppes pising s UNg have occurred in many arels when this com-
woell e cantions, heonveser, i this hus ot hination of water factors is present, we strongly

een conlirmod  Chiozamies e pe Wiroed b teel these factors were already strongly impli-

combining chlorine and PRI RN N L ARSI caied based on the sampling data—even before

Lot more stable chiberioe, bl
e st ion s stene bonet Edwards adds thaticis important to consider

they swere proven with certainty in the lab.”

[



This photo showis a
MIC-induced through-
weall pit in coppar pipe
: on a solar panzl.
Photo courtesy of
Paula Scott, CARIAD
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the elements that were not included in the tests.
~Other factors thought by some (O cause pit
ting—including flux, joints, poor plumbing prac-
tice, electrical grounding, OC lightning—were not
present,” he says. “Simply exposing the tbe
the water in question_cnused the eight leaks per
foot in 1 vear. The surface that had been polishzd
1o a mirror-like finish was also severcly pitied
\We had only two factors: the waner and the ping
There is no other explanation.”

The Muminum Anomaly

Andrew J. Kireta, Jr., CDA s Natonal Progras
Manager for Tube, Pipe, and FiitinZs,
that Edwards’ conclusion
reasons. “This finding stre

coniends

is significans o7 o

sses the imporiance of
considering the impact of waer treaundns
water chemistry changes and reguiniinng o e

distribuiion systems and maioriis)
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Kireta linds equally importans Edeir
tion thar the aluminum in the wouter plavs o st
nifican: role in the pinhoic foaks TALaumunun
could be considered the mujor coninibuiing 1Az
tor in this situation because it is the

he says.

anonueyy

~Chlarine, which exists in some lrveiiny T

ally all publicly delivered wer supphd an e

1.S., was shown not to cause the Ccofrasian Coi

cern on its osvn,” says Kircti Ol i e pres

ence of aluminum did the pinhole leaxs develop
This is significant because.

present in many treated waters

white aluminun i3
ar fow fevels
never before was it found in simpifcant leveis
where pinhole leaks had occurred in cokl waier
systems.” In fact, Kireta savs that CDAs copper
tubing researth only began <how stgnthaest
levels of aluminum on corrusion pits and in v
ter deposits on @ regular basis in the Lite 1990
~Betore this ume, AluminuR wis rarel detectad”
he savs. “This indicates that clunzes being made
to water chemistryare CauSing AN eI In the

amnnnt of aluminum deli ered to the homeo vt

ter distribution system, either through
aluminum being added 1o the treated
water or, more likely, the leaching of
aluminum from the public wvater dis-
tribution system.”

Kireta believes that the study is
ground-breaking because it finally pro-
vides the evidence explaining why
“epidemics’ of corrosion are OCCUrring
in domestic water systems in the Dis-
trict of Columbia and elseswherein the
U.S. “Priar to this work, it was com-
monly assumed that the only link be-
tsveen corrosion outbreaksin different
utilities was the fact that copper tube was in-
volved and suffering pinhole jeaks,” he says. “This
would inevitably lead 10 what has now been
proventobea miszaken conclusion that the prob-
jem was due to faulty or inferior copper tube or
1 result of someihing in the manufacturing pro-
cess that made tac tube unsuitable for use. This
work proved bevoad a shadow of a doubt that
the only significant factor in causing the corro-
sioa was the chamustey of the water—and that
the copper tube surfaces were not the cause of
the failures.”

What About MIC?

Another knowr cause of pitting in copper wb-
ing is MIC. The izherent toxiciry of copper ions
initially led some o assume that copper alloys
could wacd off MIC. However, copper-tolzrant
<irains of bacieriz now are kKnown to exist. “The
-chanisms o corrosion bY bacteria are numer
ous,” says Pauta Scott, Principal of CARIAD Con-
<uliants (Hermklion, Greece) and an internaiion
allv recognized expert on biological corrosion.
~They differ in copper only in thag, since: copperl
iz naturally microbiocidal, bacteria protect them-
selves by rvpically producing copious amounts
ofagelatinous £99 called ‘extracetiular pol_\‘miﬁc

substances.’”

Scott notes thai MIC can occut wherever bac
tecin are present. Like all living organisms, bacte-
rit need free water to survive. They also r}‘piCﬂ”)'
live in temperatures below 176°F (80°C). bUt
Scott points out that that some thermophilic P3¢
teria can endure higher femperatures. Chionn€
and other biocides most often ar¢ used to con
trol MIC.

~The more we look, the more ™ >
Scott of MiC-induced pitiing in copper tubtng.
~MIC of copper has been found in several cour”
tries so far and is probably more t\'idcgprcnd fhf‘n
we think, especially where water [rc;umcn't is -
adequate.” Nevertheless, Copper piting i siill con

¢ find it,” sA¥S




The Lead and Gopper Bonnectibﬁ.

Some ascrbe the unusuly ligh number of copper pit-
ting cases in suburban Washington, D.C,, and elsewhere to
the water chemistoy required by the EPA’S LCR. Could the
treatment practices mandated by the rule also attack other

- metallic componen:s of plumbing and cause lead to leach
from residential service ines into drinking water?

In recent months, the detection of high levels of lead in

L water supplicd <1 older Washington, D.C., residences

l1s received considerable public scrutiny. The LCR requires
a4 WALCr $VStem Lo use certiiin treatment techniques when

samples reach an EPAelined “action level” of 15 ppb of
jead, The EPA, which s responsible for ensuring the safety

otion limit
: isting J2ad
pip=. This pholo shos = dug to partly
2n edsting p-2cly ovmnad I2ad pipe
ap2r pipa. Frowo coudssy of Marc
-1 Cril and Environ-
ivia Tech.

Hura, Virginia
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of drinking water in

lumbia, received a
report in July 2001
from the District of
Columbia Water
and Sewer Author-
ity (WASA) show-
ing elevated con-
centrations of lead
in water samples
taken from resi-
dences in the
WASA service area.
A subsequent re-
port, for the period
July 1,2001, to June
30, 2002, revealed
that lead levels ex-
ceeded the action
levelin 26 of the 53
samples taken for
that monitoring pe-
riod. A test con-
ducted in the sum-
mer of 2003 re-
vealed that two-
thirds of 6,188 Dis-
trict homes had

worer g exeeednd the Jead action level. Moreover, WWASA
found that more Cun 150 of these homes had lead levels

excecding 300 prh—ne jre than 20 times EPA's action level.
I has heen repored thata few samples even had lead lev-
el in the thousands of paits per billion, exceeding thresh-

alds For hazacd -

L waste. Decause an estimated 23,000

homes in the i wilize lead service lines, some believe

th the number

fuot

reporis ol clovaied fead lovels.

neet bogin roces B
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S excvcdances? s much greater. At this
ity hovwes et approximately three-fourths of the

e fuve nees Been fested—neardy 3 years after the first
‘ Moreover, the mater did
widespread publicity until early this
<uihject of a Washingto!! Post article

the District of Co-

homes with lead service lines.

\What is causing this rapid increase in lead exceedances?
No conclusive answer Wwas avzilable at press tme. How-
eves, it is clear that the corrosivity of the District's drink-
ing w-ater increased when the US. Army Corps of Engi-
neers in November 2000 switched to chloramines (from
free chlorine) asa secondary disinfection agentai the Wash-
ington Aqueduct. Testifying atarecent congressional over
sight hearing, VWashington Aqueduct General Manager Tho-
mas P. Jacobus stated that the disinfection practices were
modified in order to comply with EPA regulations”

Inan EPA-commissioned study and in his testimony to
Conazress, Edswards reported that in some circumstances
chio-amines dmamatically increased lead leaching to svater
from pure lead pipe of leaded brass. Edwards’ repoft, sub-
mirted to the EPA in October 2003, also suggests that in-
troducing orthophosphates or other phosphme-based cort-
rosion inhibitors could stop the leaching.

The detected and undetected instances of lead leach-
ing notwithstanding, the tumn of events in Washington,
D.C., has generted a separaie ConLroversy Among varous
government oZicials. D.C. ciry leaders as welias members
of Congzress have criticized WASA and the D.C. Depasi-
ment of Heal:h for responding slowly to the crisis. The
agencies have since begun distributing water filters to
EPA officials also have
charged WASA with violating federal law. In addition, the
chairman of the U.S. House cubcommitiee thai has prime
jusisdiction over the Safe Drinking Water Act recently asked
the Gener! Accounting Office (GAO) (Washingzon, D.C)
to conduct an independent inquiry into the operation of
\ASA and the Washington Aqueduct and the manner is
wrich the pudlic was notified about test resilts showinz
elevated lead levels. “My prime concem is that the pubic
health is protected,” U.S. Representatve Paut Gilimor (R-
Onio), Chairman of the House Enargy and Commerce Sub-
CONUTLIICE Of Em'i}onmcnt and Hazardous Materials, notac
in a writien s;atement. “We need to gather adl the informz-
tion before making any finad decizions or conclusions, bu:
with some of D.C.'s lead Jevels approaching 20 times the
safe limit ses by the EPA, Tam inclined to believe this was
not so much a failure of law, but of persons.”

For updazes on this ongolng SOry, ACCess the following
\w'eb sites:

B D.C.WASA: www.dcwasn.com

B D.C. Department of Heald: dcheaith.dc.gov/
index.asp

B U.S. EPA Region 3: “T.-w,cpn.gov/region:%

M .. House Committee on Government Reformi:
reform.house.gov/Gox’RefortrVHe:LringS/
E\'entSmglc.asp.\'?E\'anlD=797

B U.S. House Energy and Commerce Subcommittee &7
Environment and Haziardous Materials: '
cncrgj»'commercc.house.gov/lOS/subconmn'uccs/
En\'iroDmcm_nnd_H:xznrdous_I\Interi:ﬂs.htm.
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Continued [~ page 20
sidered a rare phenomenon in industrialized coun-

that more advanced water treatment systems do
have a builtin defense against MIC. “One of the
reasons that piping is not corroded more in po-
table water systems is that in most places, water
treated for human consumption is pretty well free
of bacteria,” says Scott. She does point out, how-
ever, that what is considered "potable” in one lo-
cale may not be so in another. “It would be very
naive to think thatall potable waters are adequately
treated around the world,” she says.

Acknoswledging his own research that sulfate-
reducing bacteria cun likely cause copper pitting
corrosion, Edwards-echoes Scott’s point that
potable water is not typically an ideal place for
MIC-causing bacteria to flourish. “If you look at
‘many previous studies examining MIC, the re-
searchers almost always utilized nutrient media
that are highly unrepresentative of drinking wa-
ter,” he says. “For instance, it 15 not uncommion
for MIC researchers to use levels of orthophos-
phate [as a putrient source ot buffer], grams per
liter of organic matter such as glucose [C;H;,O4l,
and even grams per liter concentrations of am-
monia in MIC experiments. In such cases, the
‘wrater’ is more representative of concentrated
raw sewage than drinking water, and I strongly
argue that results from such studies cannot be
readily extrapolated to potable water systems.
The fact of the matter is that despite years of
study, MIC corrosion has never been proven 1o
cause fully penetrating copper pitting as it oc-
curs in real systems. In drinking water systems,
addition of even 1 mg/L orthophosphate com-
pletely alters copper corrosion, 0.1 mg/L of bio-
cdegradable organic matter is a concern for bac-
teria regrowth, and ammonia concentrations
rarely exceed a few milligrams pet Lter.”

Contrasting the above MIC research scenario
with his oswn copper pi[ting study, Edwards says
that he and his colleagues limited bacterial activ-
ity with a relatively high pH of 9.2, continuous
high free chlorine disinfectant residuals (greater
than 3 mg/L), and the omission of any added or-
ganic matter, NH,, of phosphate. "Not surpris-
ingly, measurements of bacterial activity were
negligible,” he says. "Yet extreme pitting did
occur.”

Scott points out that MIC corrosion indeed has
been shown to cause fully penetrating copper
pitting in actual water systems. In a NACE Inter-
pational book that she recently coauthored with
Michael Duavies, her partner at CARIAD, Scott
cites instances in which MIC caused through-wall
pitting in real 5}'5[::013." “That doesn’t mean it is
the cause in all cases, but it certainly isin some,”
she says. “There is room for more than one
mechanism of corrosion in copper tubing. Prob-

ably, some, corrosion méchanisms, not involving
tdes.S Furthermore, it is important-to remember.”

bacteria,: operate at ‘high biocide, 1evels MIC.
operates...in systems where the water tréatmeént
is inadequate.”

Scott also notes that carbon dioxide (CO,)
contributes to copper pitting in cold potable wa-
ter. It has been stated that dissolved CO, in ag-
gressive water initiates pits and depolarizes the
cathodes on the copper when the metal is ex-
posed to cold water.” Space limitations preclude
2 more detailed discussion of the role of CO, in
copper pitting in this article.

Not the Last Word?

Edwards points out that the level of scientific
understanding of copper pitting remains very kim-
ited, and he dispels any inference that the Vir-
ginia Tech study presents the sole explanation
for the phenomenon. I believe it is likely that
there are other situations that will create aggres-
sive water that can eat holes in a copper pipe,
and with further tesiing we can identify those
that are most imporiant and how to prevent
them” he savs. “It is important 1o nOLE that pit-
ting can be mitigated by either preventing pro-
duction of aggressive water in the first place or
by addition of corrosion inhibitor.”

According to Edwards, his own 12 years of
study into “most of the other purported causes”
never found that these factors cause pitting by
themselves. “This does not mean that someone
mighi someday do the test slightly differently and
prove they do cause pitting,” he concludes. “But
the onus is now on others to develop that proof,
becanse our team has now shown thatit can be
caused by the water alone.”
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THAN ARG

s scientists dig more deeply into the
murky origins of the high levels of lead in
the District of Columbia’s drinking water,
they are beginning to suspecl that they
A have uncovered a problem that could af-
i@ fect many water systems. In additon to
1 exposing weaknesses and conflictsin U.S.
drinking water regulations, the investigation is re-
vealing a dearth of knowledge aboul what happens to
drinking water during its jong trip from the water
treatment plant to the household tap.

The reported magnitude of Washington’s lead prob-
lom has grown steadily since the public first learned
about it in February. To date, officials have documen-
1ed that tap water from more than 157 houses con-
rained lead levels exceeding 300 parts per billion (ppb),
and thousands more have exceeded the U.S. EPAs 15-
ppb action level. The D.C. Water and Sewier Authority,

~which distibutes the waler; the Army Corps of Engi-

neers, which manages the Potomac River water treat-
ment plant; and EPA Region 3, which is the regulator,
have faced heavy criticism for their handling of the
problem. The public has received contradictory ad-
vice aboul the severity of the prob]ém, how long to
run the tap before using the water, and whether re-
placement of lead service lines will solve the problem.
Congress has already conducted an investigaton, and
the head of the D.C. Health Department has baen fired,
in part, for not adequately responding to the problem.
A citizens' Jawsuit is in the works, and an expert com-
rittee is searching for the source of the problem.

Officials in Washington have not yet datermined
the cause of the lead contamination, but they believe
it results from a 2000 decision by the water treatment
plant, knowm as the Washington Agueduct, (0 modi-
f its disinfection program from chlorine to chlo-
ramines—a mixture of chjorine and ammonia. The
change was initated to comply with the 1998 Disin-
faction Byproducts Rule (DBR), which restricts disin-
fection byproducts inwater. )

ES&T's investigation of the prablem suggests that
the change in chemistry coupled with old lead pipes
inWashington, D.C.'s, water system was the source of
the crisis. In fact, corrosion expert Marc Edwards at
Virginia Tech in Blackwell has been warning EPA and
the vrater industry for years that changes in drinking
water treatment are likely to cause problems in home
plumbing systems and tap water. As a consultant 10
EPA Region 3, Edwards is the scientist who first called
attention to the D.C. problem. An alleged conflict of
interest prevents him from being officially involved in
further studying the D.C. problem. '

Yarring regulations -

Scientists who study corrosionin drinking wvater sys-
(ems are a relatively small group. As the parties in-
volved in the D.C. water crisis scramble for expert
advice, it has become difficult to find corrosion experts

who will speak on the record. However, many were

eager to talk to ES&T on the condition that their
names not be published in this stoTy. .

What Edwards and many of the other corrosion
scientists contend is that lead problems may lurz in
other cities, both with and without lead senvice lines.
Moreover, many agree that it is ime 1o revamp the
1991 Lead and Copper Rule (LCR), which regulates
lead and copper in drinking water. I their view, the
laws does not work. Among the inadeguacies of tne
Jead rule are the lack of an enforceable regulatory
standard, delegation of oversight (0 staizs ill-equipped
to handle technical and scientific compleces, vr2ak
public notification requirements, insufficiant moni-
toring information to assess the rulzs efizctivensss,
gaps in controlling corosion and lead l2aching, and
poorly designed lead sampling and testing programs.

The situation has already led EPA's ecting Assistant
Administrator for Water, Benjamin Grumbles, to ac-
xnowledge that the LCR may nead an overhaul. On
March 5, he told the U.S. House of Representatives’
Government Reform Committee that EPA has dacid-
ed to review the LCR.

Leaders of the House commitize wasizd lictle timme in
teking him up on the offet. In a se'.'er.-pag-:','Marm 17
Jatiet to Grumbles, they castgated the zz2ncy’s regula-
tions as “weak” and called for changas in th2 way local
jurisdictions are requized to test for lead, conwot pip= cor-
rosion, and notify residents of contaminztion problems.

However, scientists most familiar vith the prodlem -

2y that the situation requires more action. “Vv2 are
nowhare close to researching imporiat l22d and cop-
per teatment chemistry issues,” s233 on2 sciendst-
“Ths Disinfection Byproduct Rule 27d (a2 Lead and
Copper Rule are warring regulations. There isanvrgent
ne2d for EPA to harmonize th2 rules. But EPA ma=n- .
2gament has just avoided the issue,” (h2 sTi2ntisi s27rs.

The crux of the issue is that udlities must take very
different and often cpposing 2ctions 10 comply wilhy
th= DBR and the LCR. To combat the byproducts that
form when disinfectants, partjcu‘.a:‘r_.' chloring, react
vAith natural organic and inorganic mattt in souice
waier and distribution systems, the D3R dicects vaiet
companies 10 make sure that leveis of these com-
pounds stay balow a certain ragulziory siandard or
+{2ximum Contaminant Level (MCL). Although many
of the hundreds of byproducts that can form 2s the
result of disinfection have been shown 1 caus2 cafl-
cer and reproductive and developmental effects in
laboratory animals, the rule focuses on representa-
tive compounds that serve as SWTOZ2LEs.

The LCR, on the other hand, sets an “acton level”
of 15 ppb. This means that if 10% of the sampls col-
lacted from homes thought to be at highsst risk con-
tain more than 15 ppb lead, then 2 wai2r company
must take addidonal action. But exaztly what 2ctions
should be taken (e.g., informing the public) is open to
interpretation. WWashington's water provider, for in-
srance, first mentioned the high lead levels in a small
saction of a larger report that mainly tumpeted its-
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water quality and cornpliance with
all EPA regulations.””

\Vater companies take MCLs
muore seriously than action levels,
says one Midwest water consultant.
“{f you violate an MCL, the water
company's name is in the paper,
people get concerned, and there’s
an uproar. If you exceed an action
level, things stay quict and you just
start to ‘take steps.”

For example, says Edwards, a
water system can getits lzad below
the 15-ppb action level by raising
the pH 1o 9, but taking that action
icads to a violation of the MCL for
disinfection byproducts. To avoid
exceeding the DBR MCL. the systei v Lo granis
permission to coritinue exceeding the lewd action imit
indefinitely. Some systems in the Uniied States have
never regularly achieved the fead actinn Hmin he
contends. '

“People warned that the DBR could havs nasty
Lential secondary implications for cu
one university water chemist. EPA ack
possibiliryina 1999 compliance guidan:e rann for
the DBR, which discusses the potentis CUIfUsion
problems in a general way but offers litit :
procedural advice. says the scigniist. A3 213
sawvvy proactive water companizs have kol
(6 bench-test naw water treatmant t2ohn o
they don't wind up vith nasty surprisss
he says. But the scientists and consu
such tests are time-consuming and
without some sort o('requiremcm, oSty
panizs are unlixely to conduct them. DL
ton Aqueduct treatment plant never o
testing. according to Edwards.
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The red-brown coating inside these Jd-inch l2od service
lines is Pb0,.

One of th2 MOSI COMMON Wilrs 2 Lt K
the DBR is to use chloramines (a miziure af chiane
and ammonia) instead of chlorin: & LA
major U.S. water companies are Cusri
substitution and the proportion i~ )

Fawever, the consequences of et
arent fully understood, savs cheimist ™
wath EPAs National Risk Managerny AR

Saff (e

£a old, publicly owined lead pipe is
rzplazed with a copper one.

NIRRT

“renile oflers one of th2 most promising

really investgated what happens’
when chlorzmines are added to the
alrcady complex water chemistry
that occurs in the new: and old pipes
that modzm distribution systems
comprise. VWhat is claar is that re-
placing fre2 chlorine with chlo-
ramines changes the chemistry by
typically rzising the pH and lowering
“the water's oxidizing potential, ac-
cording (5 water chemist Phillip
Singer zi the Universily of North
Carolina. Chapel Hill

Schock's lzad scale surprise
lLead can g2t into tap vwater from
«ious sources. Many of the smaller senvice pip2s thal

hianch out from the mainw2terline still contain lead

iphoto at top). These pipes a2 ofien coaied vith scales
iade of thin layers of fead-beasing minerals and other
aerals that often keep l22d out of drinking vater.
“Lead-free” brass can 2!so be a source of lead be-
cause i can contain up to 8% lead, in accordance
\ a definition set by Congress as part of tha Safe
N-inking Water Act. Brass is vzed in meters and house-
© 40 fivtures such as water (235, Edwasds and Schock
recontly presented data thaishow that current fzach-
~ + 1ests for brass are no: vary reliadle. Lead is also
d in the solder used (o w2ld pipes togather.
Many corrosion expziis balieve that the lzad in
1) (s water is probably coming from saveral sources.
<-hack has been studying the thin shelis of mineral
155 that coat the insidas of many watss pipes. In
152 process, he is amassing evidence of one possible
weslanation for the l2ad in Washingion tap walet
Concentional water chamisuy holds that in nat-
c- 2t vater lead exists s Fo¥. S0, minarals that occur
srally assumed to b2 Pb*
~overed that in drinking
. or.which is often kighly exidizing. PO minerals,
- . imporianty PpO,. can form. In fazt. Schock
xnid PO, in pipe s-a'es when he cxamined
v, ashington, D.C., servie? lin=s {phoio at leith.
Gehock has construciad a stability diagram for lead
(o relates stable lead compounds and species to pH
- { redox conditions. The dizgram shows that PbO, is
Lol 1o be stable in highly oxddizing water over the pH
can o0 of treated drinking waien This means thatwhen
_»shington used large amounis of chlorincin the past.
v hizhly oxidizing waier fostered development of PbO,
w:les As long as the drinkdng water remained highly
zing, those scales vere stable and insoluble:
With the shift to chloramines, the oxidizing po-
Lntial of D.C.'s water vas lowered. Thus, Schock'§ re-
«+azch shows that alter the change, D.C. Water might
.1l dissolve the PbO, scale, which would then raist
¢+ contaminant levels. ’
\tany scisntists say thai SChocks research eur-
I ; o clues to the

-+ high lead levels. “Schock's work i3 e.\'celic.nl.
sooundbreaking research tha has very imporfiani tm-
(eations for water qualits” Singer s3s.

Are theee other water uiilites viih pipes coated

oratory in Cincinnati. No one has _ .



. with stable PbO, scales that might dissolve if chlo-
" rarnines or some omer water treatment technology is
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Edwards shocking resutts

The scale-dissolution theory based on Schock’s re-
search may cxplain why homes with lcad service lines
have contaminated water. But in Washington, many
houses without lead service lines also have high lead
concentrations in their tap water; Edwards’ work on
chloramines and galvanic corrosion may well provide
the best explanation.

In an October 2003 consultant’s report to EPA Re-
gion 3, Edwards noted that several papers indicated
that chloramines might be particularly prone to mo-
bilizing lead from brass, which his preliminary ex-
periments confirmed directly. He also discovered that
galvanic corrosion was enhanced by chloramines.

Galvamc corrosion is basic electrochemistry—it
occurs when two dissimilar metals are connected.
causing one metal (the anode) to be sacrificed and the
other (the cathode) to be protected. Hotwater heater
tanks, for instance, incorporate an aluminum anode
rod to protect the steel lining.

As vith the lead speciation, conventional waler
chemistry wisdom appeais [0 be misleading in the
\washington case. In some situations, when brass is
connected to copper, itis cathodic relative to copper.
This means that the brass pieces are protected from
corrosion and thus lead is not released into the drink-
ing water. The copper is sacrificed, but the effect is
minor because there is so much coppert plumbing
and hence so much copper surface area.

But Edwards’ group recently discovered thatin the
presence of chloramines, the brass is highly anodic
and the copper is cathodic (Figure 1). Moreover, th2
galvanic corrosion current persists for days, even vith-
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out a new supply of water. These forces conspire to d
accelerate the release of 2ny lead [rom brass pipas. 3
"The problem is that... the entire copper plumbing ;
network in the house can act to accelerate the corro- i .
sion of the bress right at the faucet where the water s‘

is collected. Lead leaching can increase 4 to 100 imes
faster than normal,” he savs.

e

The tip of the 1ceberg7

Al this point, the studies and theories put forward by
Schock and Edwards need to be corroborated iih
further testing. No one knows for sure why D.C.s

change to chloramines caused the lead levels intap L nnew 1y a!-- (e putlizhealth ofcor )
water 10 rise. But if their work is corroborated, it hints by, pecentiy eaniessed an interes 2spmg

at serious weaknesses in the federal testing progran aspect of comrasing reseazch. agCort. nd U 3 Schnck T
and conflicts becvreen the DBR and the LCR. In ac‘ £PA has just baoun Ta tharough T2uion "ol the LCK. o
dition, it raises the prospect that other cities also and if the ezency enats the Cong nal comnii

have—or may soon have—problems. according 1o . 223 March 17 recammes laiions, ut every slaie
many scientists and engineers. Lbohs would be reguired 1 increas2 :e_x-.m:: and repoit

“We are learning hard lessons {in D.C.} about coi- 1 \r»~d.\u on kead. cup,,- '1j OLhC: ~dicaors of waier
rosion control in full-scale testing ofrea] systerns vwhil ST madan adaw po-
consumers are drinking the water” Edwards testifizd i i

at the Conorcssxonal hearings on March 5, 2004. %1

” knows what further lessons cou]d be in store? erhaps the Dostricts Ssen \.\l_ bLn 1'1
Drinking water system corrosion has beena nes s 2itin the lorsg 1o
glected area of tesearch. but perhaps the Washingtsn :
Crisis will change that. The National Science Foundi-  riecea Rens REVIDS PR SR |
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STy mposium T T T |
An educational discussion on

Meet our Speakerg: ' : {he negative héalth effects that
v . copper plumbing pipes can have

on your health.

Larry Sparks, Ph.D. :
Senior Scientist & Head of the Roberts Lab of Neurodegenerati\'e Research
Sun Health Research Institute

Larty Sparks, Ph.D., is the Senior Scientist & Head of the Roberts Leb of
Neurodegenerative Research at the Sun Health Research Institute iz Sun City, Arizona.
where he is responsible for many advancements in the field of Alzhzimar's disease.
Further, he has done research in aging and development of the central narvous system,
neuropathology of heart disease, hypertension and sudden infant dzzth syndrome,
neurodegeneration and correlative neurochemical alterations, Alzhzimer's disease and
other disorders.

Prior to joining Sun Health he was and remains the Chief Biochem:cal Consultant for the
Kentucky State Medical Examiner's Program, Justice Cabinet. He Fas been the principal
investigator of many ongoing and completed clinical tnals & resea-ch projects over the
Jast 3 years. He has spoken both nationally and internationally on {ne negative health
effects of coppet and has been rated among the top 30 Alzheimer’s diszase scientists in
the world. He has appeared 1n Newsweek, USA Today, and has bezn interviewed by
many TV and Radio stations. ’

Dr. Sparks is also the principle investigator for the Alzheimer’s diszass Cholesterol-
lowering Treatment Trial sponsored by Phzer. On Nov 17, 2004, 1he r2suits of
Dr.Sparks’ study were featured on Peoria’s Independent and Sun City’s Independent
news stories. These stories featured the exciting results of this triz! and a new one that 15
currently undenvay. Dr. Sparks also received national (appzared o NBC naws) and
local visibility for his test results that indicate statin drugs such as Lipitor'z' may help
delay the progression of Alzheimer's disease.

Lipilori izarepisizrad wrademark of Phizer



Trace amounts of copper in water induce pramyloid =
plagues and learning deficits in a rabbit model of |
Alzheimer's disease

D.Larry Sparks*’ and Bernard G. Schreurs®

+5uyn Health Research Institute, 10315 Waest Santa fe Drive, Sun Civy, A7 85351; and 3atanchette Pockaieiler Haurcedizr 128 Insiivte and Dzpaimant oi
Physiology and Pharmacology, West Virginia Univarsity, 5700 HSS, Madical Center Drive, Morganiown, WV 26505

£dized by Bruce M. Ames, University o California, Barkeley, CA, and approved July 8, 2002 {racaivad for raizw thay 1227035

Despite the crucial role played by cholasterol and copper in nutri- housed individually, With iree 222285 t5 Purina rabbit chow and
tion and normal brain fundion,recen\eviden(eindicates thatthey  water, maintained on 2 12-h Ezit/12-h dark cycle and trzatad
maoy both be important faciors in the etiology of Alzheimers  following Na!iona\lnslilui:s of Hzalth gridelines. Each of these
diszase (AD). Here w/e provide critical evidance for the role of  rabbits recelved a combination of food and water comprising
cholesterol and copper in AD by showing that the addition of trace normal chow or normal chow s 2% ¢k slesterol and tap watzr,
amounts of copper (0.12 ppm) to water given 10 cholesterol-fad  distilled water, Of distilizd wz:27 plus copper. Toe number of
rabbits can induce g-amyloid (AB) accumulation, including senile subjects assigned to each conditioa is skown in Table 1. Briafly,
plaque-like structures in the hippocampus and temporal lobe,and 19 of the 63 rabbits were fed r.orma! chow and 49 were fzd the
can significantly retard the ability of rabbits tolearna difficult trace normal chow plus 26, cholesiz-ol. O the 19 rabbiws fed normal
conditioning task. The Af deposits do not aifact the ability of  chow, 9 received tap watsr (Tzz) 2nd 10 received distilled water
rabbits to detect or respond to the training stimuli nor to jearna  (dH.0). Of the 49 rabbiis fec crolesierol, 16 receivad tap water
simplar dalay conditioning task. Trace amounts of copparin drink- (Tap/Chol), 21 received- distiizd water (deo/ChO\), and 12
ing watar may inflvence cdlearance of Af from the brainatthelevel  received copper in their distii=g waiar (ngO/Chol/Cu), Cto-
_of tha intarface between the blood 2nd cerebrovasculature and lesterol-fzd rabbits given COpras receivad coppar suifate in ther
combined with high cholesterol may be a key componant to the distilled drinking water with . copper concentration of 0.1z
accumulation of A in the'brain, having a significant impact on  ppm (0.12 mg/liter). Al s we-z mainiained on their
learning and meamory. Cholestarol-12d rabbits have at least 12 respective food and waizr 25028 {27 2 totat of 10 wezks beiore
patho!ogical markers seen in AD, suggesting that the cholastzrol-  euthanasiz 2nd subszgueat tis-olozical analysis.
f2d rabbit is a good animal model for studying AD. ’

. pahaviora) Procadures. Th2 be-zviorz] procedures and equipm@2n:
Cholcste rol is importent for cell funcuon, neurotransmission,  have been descrived (31). Amr §v22ks on their respeciive dizis,
and synaptic plasticity (1, 2), but it is also 2n important ris six of the cholesterol-fed 1 civen distillzd water (dH.0/
factor for atherosclerosis and Alzheimer’s diszase (AD) (3, 4)- Chol) and six of the cholzsizral-2d raboits gven distilled wates
Tecent evidence suggesis \5al the cholesterol-lowering statins  supplemenizd with 0.12 pp € (c'-HzO/Cnol/Cu) receivel
may affect AD by reducing the deposition of p-amyloid (ABY(5, 1 dyy of adeptation; © ssion of air pufi testing
6). Copper is 2n essential nutrent (7) but has also been  (prelest) o 255255 Seiis.™ 255 eight d2iy sassions of
implicated as an important factor ia AD (8-11). Indeed, ABhzs  trace classical conditicair: sss their ability to leam 2
bzzp hypothesizcd to act 25 @ bioflocculant that binds trace gifficelt conditioning tas: a1 ¢assion of &t puii tastinz
= =tals such as copper and ziac (12), and up-regulation oftae AB  (postisst) to test for a=v ~ s2asitivity 1o & paff; fous
precursor protein (APP) has b=#1 shown to Suppiess glevated  daily sessions of delav cl candirioning to test for tbzis
copper_lcvtls (11). Consequently, chelztion of coppsr bas been  ability lo l2am 2 simpie ¢ ing task; end 2 days of tons
suggested 2s 2 potential therapy for AD (9, 13-16). intensicy lesting during rad Joning 10 255853 their hearis
Substantial evidence has accrued that chotesterol-fed rabbits  Each air puff test trial pre: positast iqvolved the prassa-
davelop 2 considzrable number of pathological indices of AD,  tationoil of 15 possib{g co ions of stimulus intensity (03,
including accumulation of ABID the hippocampus and temporal  1.0,2.0,4.0,0r 8.0 psi) end < duration (25,50, of 160 5.3)-
lobe (17-27). /e have recently found that there are betwsen-  Eachtrace conditionirg trl -d of a 100-ms, 1-X3z, §2-Z8B
laboratory differences in the levels of AB that accumulatz in tone that was fol?,owecf b = 300-=s trace intzrval of no stz
cholesterol-fed rabbits and that these differeaces are tracezbleto  [ationandthena 100-ms, <25t 2 puii. Each delay condition:=

the drinking watar (28). Facilities that used distilled water had  yrial consisted of2 400-ms, :-%Hz, §2-dB ton that comm:a;-.:a
cholesterol-fed rabbits with lower levels of AP than those thal  with a 100-ms, 4-psi 2i pufi. Tons iniensity testing irals
used tap water. Analysis of the water from locales where tap  consisted of 00 of szwven, 100-m3 lon2 intensitizs (60, 65,70, 73

water produced this differential effect indicated that, among g0, 85, or 50 dB) or a zerd intessity (0 dB) followed by 3 200-=5
likely trace metal candidatss implicated in AD pathology (8, 29), \race interval and tben 2 100, 4-psi 2if pufl. The 1032
copper levels ranging from 0.06 10 0.21 ppm were presentin the  jprensities were preseatec 252 L2adom sequence eight times. Al
drinking water. Ve initiated studies 1o assess the biological and  {rials were gelivered, on zveraze, every 60 s (50-70 s ranze)-
behavioral effects of copper by supplemenling distilled drinking  Repeated-measures ANOYA was ussd to compare conditionzd
water given 10 cholesterol-fed rabbits witn copper sulfate at

levels within this range (0.12 ppm coppzr) but at one-tenth the  ——m

Environmental Protection Agcncy\ma:(imum allowable contam-  Thizpaper w3t : ey il oz the PHAS officz.
inant level for copper in municipal drinking water (1.3 ppo) (30).  asbreviations: Ap. Samte .

oIt = protein] e, ce:‘;‘xlasrr.in: ca. ¢

tioned responssy CpX, gleraties S 3327 SOD, sug::c.(:d: Eomaiasz 52 s2niiz
Materials and Mathods - plazze.
Subjects. A tolal of 68 malz New Zealand White rabbits (Oryc- Towhom (o 2spendence sATLlE 22 yagagned, Email fary sparic urheal B s
tolagus cuniculus) 3-4 moaths of age and weighicg ~22kgwere  ©2603tyThe sl Acgamy =t Kiznan 3l thr USA
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Table 1: Number of AB immunoreactive neurons in differing regions of rabbit brain

Treatment Hippocampus Hilus {center) Temporal cortex Parietal coriex Sup=arior cortex -
Tap 439126 154 4228 185 265
Tap/Chol 49.4 286 195 72=9* 28zx5 59 =5

dH,0 312258 103 294 M=x3 274
dH,0/Chol 433 = 7.8* 1223 58 =67 23 = 6* 43 =4
dH,0/Chol/Cu 649 = 16.3% . 21 =40 B7 = 11** - 27 =5 g = 14"

Tap, tapweater and normal chow (n = 9); Tap/Chol, tap water and 2% cholesierol dizt (n = 16); GH,0, disiillz2 viatzrand normal chow
(n = 10); gH20/Chol, disiilled vater and 2% cholestarol diet (n = 21); dH:0/Chol/Cu, distilled water with 2% cholzsizrol diet and 0.12
ppm CU as CuSO4 (1 =12).+, P<0.05; +*, P < 0.01 (T2p/Chol vs. dH,0; dH,0/Chol vs. diH;0; dH,0/Chal/Cu ve. €5:0).

responses (CR) and unconditioned responses between the two
gioups.

Histology. Rabbits were anesthetized deeply with a mixture of
ketamine (35 mg/kg) 2nd xylazine (5 mg/kg), blood was drawn
from the heart, and the rabbits were perfused transcardially with
0.5% paraformaldehyde. Brains were extracted and postfixed for

4 days in 4% paraformaldehyde. Fifty-micrometer vibratome
sections of hippocampus and hippocampal cortex of the brain
were immunostained with an antibody to AP (10D5; provided by
Dale Schenk of Elan Pharmaceuticals, San Diego) by using

ublished peroxidase-antiperoxidase immunohistochemical
methods (17). ]

Alkhough we consider 10D5 immunohistochemistry to be the
most consistent 2nd reliable mzthod of quaniifying A zccumu-
Jation, 2 number of alternative lzbeling methods have confirmed
thal we are observing AB accumulation in the cholestzrol-fed
rabbis. In zddition to 10D3, which recognizes the first 16 aa of
the N-terminal sequence of AB, the 2H3 antibody (Atherna
Nezurosciences, San Francisco) as well 2s appropriaie negative
controls have been used to study AP immunoreactivity in
cho'ssterol-fed rabbits with copper in their drinking waier (23).
The zntibody 2H3 recognizes the first 12 a2 of the N-terminal
sequence. of AP as well as the last 12 22 of the C-terminal
szquznce of secreted APP. This antibody was compzred wiih
8E5 (Athena Neurosciences), wiich is specific for amino acids
214592 of the N-terminal sequence of sscreied APP. The
immunohisiochemistry showed significant immunorzactivity to
2H3 in the hippocampus and temporal cortex of cholesterol-f2d
rabbits with copper in the drinking water, and ro detectable
=vels of 8ES. Thus, the stairning observed in the braia tissug was
of A8 and pot secreted APP (23). The 2H3 staining of AE
reported by D.L.S. (23) was indistinguishable from previous and
present 10D3 staining of Ap. D.LS. (25) reported europium
immunoassays for AB1-42 with polyclonal 2ntibodics performed
on fresh-frozen brain tissue from cholesierol-fed rabbits with
copper in their drinking water. The immunoassays found ele-
vated concentrations of total AB in the temporal cortex com-
parzd with normal-diet controls. Finally, both immunohisto-
chemistry with the 6E10 moroclonal antibody for AP and
quantification of Ap with a curopium immunoassay have 2p-
peeared in an independent report (26), further corroborating the
accumulation of AB in cholestzrol-fzd rabbit brain.

Immunoreactive neurons wers counted as described (28). In
brizf, the number of AR immunoreactive cels within 10 ren-
domly chosen 0.5 X 0.5-mm square fields were counted at X20
magnification and averaged by an experimenter blind to the
treatment of the rabbits. The averags numbers of cells for all
rabbiis were subjected to ANOVA and theo to follow-up pair-
wisz comparisons, which were performed between the distiled
warer normal chow (dH-0) coatrot conditiop and the separaie
trzatment groups. e

Blood samples were assayed for superoxide dismutase (SOD,
a copper/zinc free radical scavenger enzyme) and glutathiore

112035 | ww'.v.pnaLo.’g/(gi/doi/l0_1073/pnas, 1832763120

peroxidass (GpX; a peroxide dzioxifying enzyme) as described
(24), and ceruloplasmin (CP; 2 capper chaperone) was measured
according to published methods (32). Tne average lzvels 0 SOD,

GpX, 2cd CP for all rabbits were subjected to ANOVA and then

to follow-up pairwise comparisdns, which were performed be-
nween thz distilled waier norme! chow (dH.0) control condition
and thz separate treatmeni groups.

SOD znd glutathione lzvels have been reportad for fresh-
frozen brain tissue taken from cholesterol-fed rabbits with
cooper in their drinking waier (23). There was 2 significant
increasz in SOD in the hippozamprs and a suggestion of 2n
increase in the temporal.cortex of cholesterol-fed rabbits with
copper in their drinking water relative to controls. Although
there was 2 suggestion of a reductior ia the levals of glutathione
in cholesterol-fed rabbits with copper in their drinking water,

-there wzs no significant diffzzzace iy either afe2 (23).

Results

Copper Induces AS Accumulztion 2nd Sznile Plagua (5P}-Like Struc-
tures. The brains of rabbits w2t zzzlyzed by using 1h2 10D5
antibody, which shows AS inorzactivity (33, 3%). Choles-
terol-f23 rabbits with copper (2.12 ppm) addad to their distlled
¢rinking watzr (dH,0/Chol/Cu) revealed 2 nearly 506% increase
in the rumber of AS immunorzactve NSUIONS compared with
amimals on 2 cholesterol diz: zod unaltered distilled water
(dH:0/Chol) (Table 1). The Li2d0cempus, temporal coriex, 2nd
supenior paneta] cortex w prefzrantially afizciad compared
with l2teral parieial coriex, 2= observation that is similar to the
regiona! distribution of SPs i AD. The superior tempordl gy s,
zlso szverely affected in AD, camanstrated 2 lzminaied distai-
bation of AS immunporeaciive n2ursas (Fig. 1B). Tnis pro_:):ns'zi}'
for AS immunoreactive .2 1o occur in leyers JTead V-V
is reminiscent of the laminzs cistribution of SPsin layzrs 11 and
JV=V of th: AD temporzl coriex (24, 35). We 2is0 nozd 2n
increesed A immuroreaciive stainiag on the meningeal surface
of the brain in rabbits supplemented with copper (Fig. 1 A Righs

- 2nd B Rigkr), consistent with observations in the AD brair (35):

Perhzps most significantiy, cnolesterol-fed rabbits 2152 show;d
exirzcetlular SP-like deposiis of AB immunorzactive matedal
(Fig. 1 4 2nd C). These SP-Lik= deposits were rot found amorg
animals given distilled watz: (dH:0/Chol), and rarcly occur
among animals on tap water (Tzp/Chol, <10%; one of rwo pet
sectionin 1 of 16 animals). S:sikingly, 75% of the cholesterol-fed
animals on distilled water supplerzznted with 0.12 ppm@ copper
(9 of 12) displayed SP-likz dzposits, and thres of Lhsse Fadbols
had >10 SP-like deposiis pzr hisiological section (Fig- 14)-

Copper and Cholesterol Inceasz SOD znd Decrease GpX. We sou%’,f’.’-
to find 2 bloodbomne rarksr related to elevated ci:cgl'aun%
cholzsizrol or altered coppe: levels that might CO-Vary Wil Afj
immunoreactive neurons and/or SP-like deposits in the choles-
terol-f2d rabbit. Free radicals and associated chang2s of SO],)
znd GpX activities are krown to 2zcompany increaszd cnr_cul?':
ing cholesterol (37), and CP carn vary with copper J2vels 10 the

spars and Schreurs




blood (38). Using rabbits ¢n distilled water as the reierencs
control (dH20), the aciivity 07 SOD in rebaits fzd normel chow
2nd given tap water (Tap)vwas rarginally increzssd in RBCsznd
unchangzd in the plasma (Tznle 2). Addition of crolesterol o
the dict of aniraals on distillsd water (dH,Q/Crol) produced 2
3-fold increase in SOD aciivity in the plasma, 2nd the addition
0{0.12 ppm copper (dH-0/Chol/Cu) produced ar almost 4-fold
increase in SOD activity (Tadlz 2). Amorg the cholesterol-f=d
rabbits given copper sulfate in their distilled water, the activity
of GpX decreased signifizantly compared wiih cholesterol-fed
animals given distiled waizr. Although there was 2 suggested
increase in CP, therc w23 no significant cfizct of circulating
cholesterol levels, conce rtratian of copper in the drinking waiar,
and levels of a CP in rabXit blood.

Copper-induced AB. Retards Trace Conditioning but liot Delay Condi-
tioning. To assess the effecis of copper-induced A accumulation
on learning, memory, and s2nsory processing. we devised 2nd

Table 2. Pabbit blood levels of 50D, GpX, and CP

Fig.1. Trz¢2amounis of coppes induce AB immuno-
reactive nzurons and 5P-like structures in the brain of
the cholzsi2-oFfed rabbit. (A) Photo moniage of ta=-
poral lobz 2xd hippoampus for a cholesteroi-fad re>-

bit givan cusilled watar {Lefs) and distilled vrater sup-
plamentas with 0.12 ppm Copp2’ (Pight) (sc2lz2 bar,

mm). bcz the numafous dark s7OS in tha coppa:-
suppler 2d rabbit; thase ara2 5?-lik2 structurzs. An
exampl2 is indicated by the arrowhead and is m
siad in C. {Z) Photo menizgz & superior 12m
gyrus ior Cistillad watar (Left) and copp2:-SUPRiE
mentad rz=dit (Righd with banding of A8 immuncre
active neurensinlayars lland W-Y (saale bar, 18D pmi.
{Q) sP- scructure surrcunded by AB immunecr
tive neurcns. Hotz that the plague-like struqur2 is
somawhat ramoved from 2 blocd yessel indizhiad Ty
the arrowr2ad (sczle bar, 120 Em)

sdministzred a battery of behaviorel tests 10 2 subsst of (22

cholesterol-fod rabbits. Thz tesis jacludzd 2 mzasure of sacsi-

tivirv 2nd responsivensss 1o 2ir puf, 2 difficul: l2arning tess, 27
casy leamning task, and 2 tz3k designad to measure tpzir bzanng.

Ve chiose trace classical cosditioning of the rabbit niciit
membrane [ESpoOnse as (b

diffeult l2aming task becaus2 11

engazes the hippocampus zad temporal lobe (39, 40), 2rzas 12

i3

which we noted the highas: lzvels ot AB accumulation. Mezsuies
of the average percent CR to the tone aCioss §.days of bip-
pocampally dependent tonz-air puff trace conditioning stowed

that 0.12 ppm copper had 2 profound effect on the abiliyy
cholzsterol-fed rabbiis to 2zquire CR (Fig. 24). In fact, 122
with copper in their drirking water
exce=d an average level of 13% CR, whereas rabbits on dis!

(dH,0/Chol/Cu) did noC:1

water (dH20/Chol) acquir=d CR approaching average lzvzls of
60%%. In strong contrast, wkan rabbits given copper Weie s%_u!icd
to 2 simpler, hippocampally independent, short-delay cozciied-

Treatmznt R5C SOD Plasma SOD R3C GpX Plasma G7X Plasma C?
Tap . §3 =45 0.57 = 0.03 1.73 = 0.17 7.6 =055 21 =1
Tap/Chet 52 =37 1.7 = 0.23 173 =0.19 9.3 =C.71 82 =42
dH:0 43 =35 0.55=0.05" 187 = 0.17 8.3 = 0.57 30=8
cH,0/Chiol 43 =45 1.69 = 0.25 1.64 =025 8.8 =077 a7 =17
dH:0./Crol/Cu £y = 55 2.05 = 045~ 0.23 = 0.05° 49=1.2" 73 =34

. P 2 0,05 (dH,0/Chol s vs. ¢ri:0)-
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Fig.2. Effectsof trace amounts of copper (0.12 ppm) inducz caticis in trace
but do not delay tlassical conditioning of the rabbit nictitziing membrane
rzsponse. (4) Trace conditioning. Mean (= SEM) percent CRio7 cholesteroi-izg
rabbits with distilied water (dH,0/Chol) and viith copper sutiatz (2H.0/Chol/
Cu) added to their distillad water revealed a significant overall coppar-
induced learning daficit asamainefiect ofgroups [F(1,9)=7.37.P< 0.05}and
a highly significant groups-sassions interaction [F(7.63) = 4.81,P < 0.001).{5)
Delay conditioning of the rabbit nictitating membrane rasponse shovsed that
there was no differance in rate or level of learning of a simpler task betwzen
rabbits given copper in their distilled water or distilled water alone. (C) Tone
intensity testing aher delay conditioning showed no difierances inthe ability
of rabbits given copper in theis distilled water or distilled watzr alone to hear
the tone used during trace conditioning.

ing paradigin, they were able to acquire CR to levels approaching
80% (Fig. 2B). Equally important, al] rabbits showed compara-
ble levels of sensitivity and responsiveness to the air puff and to
the tone. Specifically, there were 1o significant differences
between the copper-supplemented and distilled water groups in
any of the dependent variables used to assess sensitivity and
responsiveness to air puif, including response frequency, amphi-
tude, latency, or area (P values >0.07). An analysis of hearing
measured as percent CR 1o seven different tone intensities
(60-90 dB) indicated that there were no between-group diifer-
ences in the Jevels of responding to the tone intensities (P values
>0.49) (Fig. 2C).

Discussion i

Copper and AD. The present data provide strong support for the
suggestion that copper is implicated in the accummulation of AS

11068 | me.pnasAorg/cgi/doi/10.1073/pna:.1831’769100

(8, 10). Arécentreport describeg APF as an exporting system for ...~

copper and suggested that elevatzd levels of APP in the brain
may remove increased copper (11). Indeed, as we have already
noted, chelation of copper that would prevent Apaccumulation
has bezp suggested as a potentizl therapy for AD (9, 13-15).
Clioguinol, a copper-zinc chelator, is in phase 1(13) and phase
11 clinical trials (16). In contrast i0.A2's potzntial nzuronal role
in clearing copper, copper may ixfluence clzaraence of AB from
the brain 2t the Javel of the intzrface between ths blood and

. cerebrovasculature.
The Environmzntal Protections Agency raeximum contami-

nant l=vel goal (MCLG) for coppzr in drinking watsrissetat 1.3
ppm (1.3 mg/liter) copper o: corrosivas liberating 1.3 ppm
copper, ard treetment planis 122t exceed this MCLG are re-
quired to raonitor the water 232 implzraent techniques that will
reduce its corrosiveness (30). The MCLG is based on tbe lowest
observed adverse health-effect lzvel (LOAEL) of 5.3 mg/day, 2
level vhick may induce gastrointzstinal distress (30). Interest-
ingly, althkough the dielary rs:zreace intake [DRI, formerly
called recommended daily zilowance (RDA)) for copper in
adults is only 0.9 mg/day, thz pormal tolerable upper limit is
considered 1o bz 10 mg/day (7). Cholestercl-ied rabbits in the
preseat expzrimant were allow2d 0.12 ppm or 0.12 mg/liter, and
given that rabbits drink ~300-600 ml of water per day, they
consumed between 0.04 and 0.03 mg of copper par day. The
preseat data show that this 1221 of copper coasummption was
sufficient to induce significan: A8 accurnulation 2nd the forma-
tion of significant SP-like stivcnaresinthe cholzsizrol-fed rabbit.
Although we can oaly speculzie 2bout how the eifects of copper
consump:ion in cholesierol-izd -3bbis relazz to thosz in bumanos,
itis o7 nots tha! the levels of copper in the cholas:zrol-fed rabbit
drinking water trat induced A3 and SP-lixe strueciuies are well
below those considersd safe ior hwmans. A

A Cholastarol-Fed Rebbit Modal of AD. Unlixe trznsgznic mouse
modzls, which have failed to produce more th3an 072 Of two 5igns
of AD pathology (41), the cholesterol-fed rabbit shows pathol-
ogiss consisient with at lz2s 12 differen: fcetures of the AD
brain. Th2s2 includs the cu iy dascribed nzusonzl accumy-
lation of ASimmuanoreactiviy (17,19), ext acellelar AS plaguss
(23), ead mzningeal AB i==vnoreactivity (39), s well 23
previousiz notsd 2polipoproiein E immpuaoreaziivity (18, 22),
cattzosin D immunorcactiviz (28, 23), SOD noreactivity
(23), raics sis (21, 23), epoziosis (21), vasculzr activation of

SOD (2=). mouse endothelial cell antigen (MECA-32) immy-
nozeactiviy (23), breaches of the bleed brain barrier (23),
elavased brzin cholesterol (23), and elevaizd A5 conceantration
(24). To th.ese indices of paiholagy w2 can now 234 2 deficitin
the 2bility to lzam a difficul: Lask that depends ca the tzmporal
corizx an2 hizpocampus.

Conclusions

The 23dition of trace amoua’s of copper 19 the grinkiag watst
of cholzsizrol-fzd rabbits induces accumulation of 2.5, me‘—?'
tioz of SP-liks structures, reduction of Gpx activity, increasssia
SOD activity, and rztardation of tte rabbit's ability to Jearn 2
difficult task. Thus, thers may be 2 r=lationship betweed ﬂ‘::_
diminish=d 2bility to inactivatz peroxidz dus to rzduced GpA
acti~ity in the blood and increaszd nevronal accumulation of AB
imrsunoreactvity, formation of SP-lixe structures i the nzuro-
pil, and observed deficits in coplex memory acquisition. Ovei-
all, we= would suggest that cholzsterol eqtering th2 brain from tne
Gi-culation of cholesterol-ied rabbits induces the n:uronal 2l
cumulation of AB, and that copper influspces clzarance of AP
{1om the brain at the level of 2 interf2ce between 122 blood 22d
cerzbrovasoulature.
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Cholesterol, Copper, and Accumulation of Thioflavine
S-Reactive Alzheimer’s-Like Amyloid [ in Rabbit Brain

D. Larry Sparks*

Sun Health Research Institute (SHRI), Sun City, AZ 85351

Abstract’

" Accumnulation of B-amyloid (AP)in the Alzheimer’s disease (AD) brain is considered to be causally related
to the behavioral symptoms of the disorder. Transgenic mouse models of AD exhibit accumulation of AP in the
brain and simultaneous memory deficits, and AB accumnulation is enhanced if dietary cholesterol is adminds-

tered. Likewise, dietary cholesterol induces neuronal

zccumulation of AP in New Zezaland white rabbits. The

cholesterol-induced accumulation of AP in rabbit brain is increased when distilled drinking water is supple-
mented with 0.12 ppm copper ion (as copper sulfate) compared to the cholesterol-induced accumulation of AB

in rabbit brain of animals given unaltered distilled wa

tzr. The numbers of affected neurons and the intensity of

neuronal AP immunoreactivity is consistently increasad among animals administerad the copper ion in their
drinking water. A copper-induced decrease in the clearance of overproduced AB from the brain is proposad as
the mechanism causing AP accurnulation 2nd resulting in the observed memory deficits. Current studies reveal

that intensely immunoreachve neurons, extracellular

bits given copper-supplemented water wer2 stained by

deposits of AP, and brain vessels in cholesterol-fed rab-
thiofiavine S. Thioflavine S-reactive features were not

obsarved in cholesterol-fzd rabbits given unaltered distilled drinking wrater. The dzta suggest that there is 2n
accumulation of fibrillar Af induced in the brains of rabbits fad a cholesterol diet and administered trace lavels

of copper ion in their drinking water.

Index Entries: Alzheimer’s pathology; cholesterol; coppar; water quality; amyloid.

Introduction -

The clinical impression of Alzheimer’s disease
(AD) is confirmed only after neuropathologic exam,
based on the occurrence of characteristic lesions for
the disoider to the exclusion of other dementing con-
ditions. Such hallmark neuropathologic features of
AD are senile plaques (SPs) and neurofibrillary tan-
gles (NFTs). A sufficient number—set by conven-
tion—of both SPs and NFTs is required by most
neuropathologists to affix the diagnosis of AD. In
distnct contrast, there are two seemingly mutually
exclusive camps of investigators, each of which con-
sider the mechanism and geneticinfluences leading

to the formation of either SPs or NFTs as integral to
the etiology of AD. '

The predominantly investigated component ofSPs
is the B-amyloid (AB) peptice, buta wealth of other
compounds also occurs in 5Ps, including cholesterol
and its chaperone in the CNS, apolipoprotein E.The
AP peptide is an aberrant metabolic by-product ofa
larger amyloid precursor protein (APP). Under
normal conditions APP spans the cell membrane,
with the AB portion embedded in the membrane, the
N-terminal portionof the proteinresiding in the extra-
cellularspace, and the C-terminal portion remaining
ysithin the cell. After synthesis, APP is packaged 1n
a vesicle, where the future extracellular domain 15
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protected from premature normal proteolytic cleav-
age (o-secretase) in the lumen. The vesicle is trans-

orted to, and docks with, the internal membrane
surface, allowing insertion of APP in the appropri-
ate orientation.

Genetic mutations of the APP gene have been
associated with productionand accumulation of AP
25 GPs in the brains of individuals with familial AD.
Accumulation of AP is presumed to be a result of
genetical]y induced overproduction, but reduced
clearance of the peptide is a likely contributing
actor. Investigators have capitalized on these obser-
“ations in familial AD by isolating and inserting
human genetic material containing suchhuman APP
mutations into the mouse genome.lnvestigatingthe
mechanism of SP formation has been facilitated by
the inception of these transgenic mouse models, as
well as mouse models containing co-introduced
genetic information also thought to be associated
swith overproduction of AP (presenilin). Memory
deficits and accumulation of SP-like deposits of AB
occur with increasing age in transgenic mouse
models of AD. A role for reduced clearance as 2
reason for the accumulation of AB in these trans-
genic mouse models comes from recent immuno-
therapy studies (DeMattos et al.,, 2001, 2002a).
Introduction of AP antibodies into the blood, which
need not enter the CNS proper, assist in theremoval
of AB from the brains of such transgenic mice. Itis
also proposed that as AB is cleared from the brain,
some peptide is trapped in the cerebrovasculature
as it exits the brain to the blood.

The effect of cholesterol on production and accu-
mulation of Alzheimer’s-like AB in th2 brain has
gained considerable prominence in racent years.
Transgenic mouse mod els of AD have bezen shown
to accumulate AP earlier or in greater abundance,
orboth,ifadministered excess cholesterolinthe diet
(Durham et al., 1995; Liet al., 1999; Bales et al., 2000;
Refolo etal., 2000; Shie et al., 2002). Culture studies
have demonstrated that cholesterol is capable of
shifting normal metabolism of AP precursor pro-
tein (ABPP) to production of amyloidogenic pep-
tides and predominantly of newly synthesized ABPF
(Racchi et al., 1997; Simons et al_, 1998; Frears et al.,
1999; Austen et al., 2000, 2003; Beyreuther 2000;
Galbeteetal., 2000). Analogous culture studies have
2150 shown that inhibition of the rate-limiting step
of cholestero!l synthesis with a statin (B-hydroxy-
B—methylglutaryl—coenzymeAreductaseinhibitors)
overcomes the effect of exogenous administration
of cholesterol and reduces the level of AP produced
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(Simons et al., 1998; Frears et al,, 1999; Austen et al.,
2000; Bergmann et al., 2000; Fassbender et al., 2001;
Refolo etal., 2001). Similar toculture studizs, exper-
iments in which coadministration of 2 cholesterol-

Joweringdrugto cholesterol-fed ADtransganic mice

show reduced levels of AP in the brain, often below
levels observed with the transgene alone (control
diet) (Refolo et al., 2001).

Srudies performed in cholesterol-fed New Zealand
white rabbits as an animal model of humzan coronary
artery disease (CAD)—basad on the finding of 5Ps
in the brains of nondemanted individuals with
C AD—indijcate that dietzry cholesteral in animals
induces a pronounced accumulation of nauronal AB
compared to that fed toanimals onnormal chow dist
(Sparks et al., 1994). Further studies in the choles-
terol-fed rabbit revealed atleastadozen featuressim-
ilar to the pathology observed in AD brain (Sparks
et al., 1995, 2000; Sparks, 1996, 1997, 1999; Sireit and
Sparks, 1997). Recent studies suggested that the
accumulation of AP in the brains of cholzsterol-fad
rabbits was dependent on the quality of the water
the animals were administered. Animals given tap
wateraccumulated considerablymore ABin thebrzin
than animals administarac distilled wetes (Sparkset
al,,2002). Pilot studies indicated that fransganicmice
with the 695-Swedish muzation did not gevelop the
lavel of AR pathology routinely observad in other
investigators’ hands if 2llowed distilled water. The
neuronzl accumulation of AB i cholestero!-fed rab-
Bits wes significantly zfected by the quelity of the
swater they drank. Botn the intensity of the LImMURO-
raactivity observed and the number of neurons
2fiected was greatly diminished inanimals allowed
cistilled water. Morphologically, the meurons with
AP immunoreactivity ofien appeared sh-unken in
size among the cholesterol-fed rabbits on tap water
compared with animals on distilled weater. Investi-
gation of AB levelsin cholasterol-fed rabbits admin-
istered tap water showed that Ap levels in the blood
svere lower suggesting A8 accomulated in the brain
because of reduced clearance (Sparks et al., 2002).
Thisisanalogousto findings in mouse madels of AD,
where the equilibrium of AB in the brain and blood
might vary with thelevel ofitsdépositioninthe brain
(DeMattos et al., 2002a,b). :

Investigation of the trace metal content inthe tap
water used in our experiments excluded certain
agents thought to be possible culprits in the etiol-
ogy of AD, including zinc (Bush et al., 1993, 19°%

‘Comnett et al., 199S; Molina et al,, 1995; Moir et al.,

1999; Huang et al., 2000), aluminum, and mercery
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(Fung et al, 1996; Cornett et al., 1998), but copper
jon wasnotone of the'trace metals excluded. Copper
ion has gained attention because it might play arole
inpromot'mgAD (Moir et al., 1999; White etal., 1999;
Atwood et al., 2000; Chen et al., 2000; Cuajungco et
al. 2000; Huang et al., 2000), as chelation of CNS
copper and zInc reduces levels of A in the brains
of transgenic mMouse models of AD (Chemny et al.,
2001). It has also been shown that ABPPand AP bind
copper (White et al,, 1999; Chen et al., 2000); this
binding ofcopper produces moresolubleaggregates
of AB (Moir etal,1999), whichmight promotehydro-
gen peroxide formation (Huang et al., 2000) and the
neurotoxicity of Ap (Cuajungco et al., 2000).

Based on the premise that copper ionintap water
promoted accumulation of ABin the cholesterol-fed
rabbitbrain,wed etermined theeffectofaddingtrace
Jevels of copper ion to distilled water compared to
cholesterol-fed animals given unaltered distilled
water. Asobserved in cholesterol-fed animals given
tap water (containing COpper ion) compared with
animals administered distilled water, addition of
copperionto distilled water promoted the neuronal
accumulation of AP (Sparksand Schreurs, 2003).This
neuronal AP accumulation occurred in 2 regional
and a cortical laminar distribution similar to that
observed for SPs inhumans with AD. Althoughrare
among animals administered tap water, extracellu-
lar SP-like deposits were COIMMON in cholesterol-fed
animals given copper—suppleménted distillad drink-
ing water. Initial assessment of the cholesterol-fed
~ rabbits’ ability to acquire complex memary using
the eye-blink behavioral paradigm ylelded confhct-
ing results. Cholesterol-fed rabbits, allowed local tap
water (Morgantown, WV),actually performed some-
what better thananimals onnormal chow (dietwith-
out cholesterol) (Schreurset al.,2003).These animals
exhibited limited neuronal accumulation and no
extracellular deposition of AP (Schreurset al., 2003),
similar to cholesterol-fed. animals administered
distilled drinking water. Determinations revealed
negligible levels of copper jon in Morgantown tap
water. Subsequent studies indicated that introduc-
tion of copper 101 into the drinking water of
cholesterol-fed rabbits produced an 80 deficit in
the ability of animals to acquire complex memory
compared with animals fed the same diet and
allowed unaltered distilled drinking water (Sparks
and Schreurs, 2003). As noted above, a significant
difference in the neuronal accumulation and extra-
cellular deposition of AP accompanied memory
deficits in cholesterol-fed animals administered
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copper ion in drinking water compared with
cholesterol-fed animals given unaltered distilled
water. Furthermore, as noted inAD,increasedlevels
of the copper binding protein ceruloplasmin were
observed in the blood of cholesterol-fed animals on
drinking water supplemewted with copper ion. As
with tép water, it was suggested that copper 100 n
the drinking water led to the inhibition of AD clear-
ance from the brain, overproduced as a result of ele-
vated cholesterol, thus lezding to its accumulation
and subsequent memory deficits.

We now report a difference in thioflavine
S.reactive featuresin the brain and cereorovascula-
ture of cholesterol-fed rabbits administered distilled
water supplemented with trace levels of copper ion
(0.12 ppm) compared ith cholesterol-fed animals
given unaltered distilled drinking water.

Methods

Adolescent male Nzw Zealand vwhite rabbits
(3000-4000 g) were housed in the rabbit facility at
SHRI operating under 2 guidelines of the USDA
with a 12:12-h light cycie, at 67 = 7°F, and 45-50%
humidity. Animals wer2 randomly assigned to one
of three groups as a subset of a larger IACUC-
approved experimente! protocol. One group ofani-
mals was edministerec normal chow and a2llowed
distilled water ad libitus (n = 6). One expedmental
eroupof animalswas 22-ninistered acholestzroldiet
(2%)and alipwed distilzd water supp‘;amenied with
(.12 ppm copper ion (=5 copper sulfzte) o bikiiwm
(n = 8; Arrowhead distilled drinking watar). The
other experimental group of animals wags edminis-
tered a 2% cholestero! dist and allowred uvnaltered
distilled drinking watar ad libitum (= = 8). Contro}
and cholesterol diets v-ere commercially obtained
from Purina Mills, Inc. ('L;aboratory Rabbit Diet with
and without 2% cholasterol). Dietary food intake
was limited to one cup per day (8 0z.), and ad
libitwm water consumpiion varied batween 32 and
40 oz./d. _

Animals were sacrificed 10 wkafter initiating the
experimental dietary (food and water) protoc_ol-
Animals were administered a cocktail of ketamuné
and xylazine (im; 45-75 mg/kg and 510 mg/kgr
respectively) on the dz2y of sacrifice, 2nd the brain
was perfused via the heart under pressure with
120 mL of 4% parafo:maldehyde at a constant 13te
of 5 mL/min using a constant pressure pump- The
brain was removed and further fixed by jumersion
in 4% paraformaldehyde for2 wkbefore sectioning:
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Mental Block -

Maverick Seientist -

Is Winning Converts
On Alzheimer’s

Dr. Bush Was Widely Derided
TWhen He Said Zinc, Copper
Played Role in Disease

—_—

Tainted by Aluminum Brush

By BZRNARD VWysock! JR
R

EOSTON—Ashley Bush, 2 i2year-oid
res2archer at Harvard Meadical Scrool,
was pillorizd alter he put forth 3 radical
tazory of dzneimer's diszase in 193-.

“\Worinless,” wrote oag scientific
critic. Othars have described his style es
trash, his content as flimsy, and his
i2zas vnwortny of being published. Al
worst, Dr. Bush recalled, it [oii k2 "hate
razil”

Over ih2 yeais, he submiii2d 30 scien-
tific pap2rs thal were rejected by sciet-
tific journals. Eight :
times, his grant ap-
pitcations were
ssurned by the Ne-
tional Institutes of
Hzalih.

Dr. .Bush’s the-
gry is that the real
culprit in Alzhei-
mer's is a copper
znd zirc buildup in
{ne brazin—an id2a
faw scizniists have
looked ai. He be- =57
liayes tie accumu- Asilay Bush
fated metals mix ab- -
normally with a protein calied beta emy-
13id in the brain, oxidizing -literally rust-
ing—aad destroying nerve cells. Pub-

Iished in the prestigious journal Science, T
his hvpoihasis swiftly drew criticism be- -

cuuse it ran counter Lo the l2ading th2ory
thal Alzneimer’s diseasz 1S ceusad
mainly by the protain ciumps them-
selves. And by highlighting metals a5 the

- P
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Now scientists ere
more credence. He has 2 five-year grant
from tne NIH 2nd this yzzrwonan Amer-
icen Acadzmy of Neuretozy prize for Al
raimer's disease reseaiin:

Ons big reason: He iz on the trailol 2
druc that absorbs his culprits—tne ex

Growing Share
Toizi funding for the Natiznal iastiut2 o0
Azing and ameunt dzgizzzd d rhemars

"gizzase, in bitlicns

/A piheimas
i :nding
I 1

15%s 1750 C's

Cayma WA BaZgpt G2

cess copper and Jizs—and dissolves (n2
prot2in clurmps in in2 preins of expert
rental animals. Do Bush has found 2
roreniial Alzh2imsTs treatmant in 2
T-vear-old dysanizlt drez with 2 hiswory
of taxic side efiacis. Vonat's more, he and
15 colieagues (his o anin pubdlishad tna2ir
first human cli trizl showing th2
¢rug's promise. "¢ jize Drano,” T
says. "1t blows s v L
The small tria: resulis are "signtl
cont” and “iapsvitive,” SEYS Roger
Posenberg, 2 nev-clogist at the Univer-
sity of Texas Souinwestern Medica! Cen-
tzr and editor of 132 Archives of Neurol-
o2y, which publistad thz research.
“'Dr. Bush's GErssey shows how Te
jects in the worl? of science c2n som2-
limes re-emergs s important figures.
The history of stiance in tne last 50
veurs could be wriited with papers re
:iected by prestiis jaurnals, oosarved
Plaase Turr {5 Fag2 A3, Ceiumn 1

/



Scientist Wus Converts to Alz.

Conlinued From First Puge
paul Lauterbur of the University of Illi-
nois after he won the 2003 Nobel Prize
for medicine. His original paper on his
pnz-.nnmncr achievement, magnelic
resonance imaging (MRD), was initially
rejzcted in 1973 by Nature, which later
ran it
1's far from ctear whelizr Dr. Bush
h s unearthed a new key to Alzheimer’s
a! yields a tlealment or just a dry
ho“ Nohodi knows il his drug will work
+ betler than the handiul ¢f therapies
Lne markel or the dozens rore in the
szline.
Alzheimer's is 2 degenerztive brain
diszase, affecting about [sur million
ariaricans in the US. alonz. Although
no' considerad part of norma! aging, Alz-
heimer's attacks mostly eldzrly people.
Abuul 1% of those zve 65 show symptoms,
a rule that surges lo nearly 50% by age
b.) It main feature is memury loss, but
a advanced stages, the diszase erodes
personality, Judamer\t powers of speech
aid (he ability to parform U functions
of daily living.

OI‘.
P

Abnormal Proteins

The brains of Alzheime’s viciims,
whan examinad ai autopsy, eppear speck-
=4 with two kinds of abnormal protein.
4z is beta amvloid clumps between
brein celis, known as ptaquzs. The otner
iz neurofibrillary langles, or protein
g ronds that ook like knotisd skeins of
=, inside cells. Nobody krows for sure
snether these clumps and strands a2
cezsas or merely byproducis of the dis-
g2sn. Bul to many mainstream research-
ers, the amyloid proleins ar2 the lzading
suzpacts.

This is where Dr. Bush
crowd. Hso believes amyloid
s aren’t the ulimalz villain, but
¢ of an accomplice in (72 lelamlea)
ruciion wrought by the cisease. “The

3

preaks from

—

cizssic amyloid cascade hipothesis is
v 017‘ ke insists.
In D' Bush’'s view, ’W‘_\'lo\(‘. protein

a heipful role in the Erain: absorb-
m*m‘: like & sponge. Bui in Alzhei-
~or'y yictims, k2 contentds, the jctils
everwhehn the protein. He Lrlicves thal
copper mixes abnormally v ith amyloid,
reizasing hydrogen peroxiZz and other
t3xic chemicals that damag2 the nearby
cells. Some of that protein breaks free,
becomes “rogug” amyloid. and mixes
with zinc to formy clumps LRai leak more
rudrogen peroxidz. Thus b2 indicts mat-
als as the real culprits. Tois theory is
still controversial.

Some critics see his mei2ls theory as
mere speculution. "Based on science,
trere is no sustantiation {>¢ what Ash-
[av says,” says Bruce Yan:
¢f reurolozy ut Harvard. "ashley’s id2as
are interesting. But that's what they are—
inseresting.”

One problem in verifvizg Dr.

Bush's

'n!:x s. Allhe suan

7. Science. Dr.
21, professor -

als exist in the brain, but Dr. Bush con-
tends that excessive amounts build up in
some azed people, Among unanswered
questions is where the metal buildup
comes from. Dr. Bush doesn’t claim to
know.

Among Alzheimer's ballling aspects
is the fact that it might have multiple
czuses. A small fraction of the population
carries rare muiant forms of certain
cenes Lhal increase the risk of Alzhei-
e lime, many research-
ers believe that such things as nutrition,
exXercis2 and mantal stimuladion may
also play a role ia keeping deinentia at
bay.

In recent years,

a handiul of drugs
have hit lthe mzrkel o treat Alzhei-
mer's, [rom Piizer Inc., Johnson &
Johnson end oth:r compunies, bul these
offer limited reli=f. The big challenge is
to brinz drugs to market thal wilack the
underlying caus: of the disease. Be-
cause the ultimai2 cause of Alzheimer's
is unknown, diffzrent theories have fu-
cled the pursuii of different Kinds of
drugs. Some air to prevent the “snip-
ping” of amyloid protein into fragments
that (orm pleguss. Dr Bush considers
this misguidad, since h2 beliaves iU's
the metals interacting wiith th2 protein
that do the damage.

Tha son of Jewish refugees from Po-
land and Pales who Mg Mmes
for Australia ng World \var II,
Bush grew up in Melpourp2. As 2 r1ed1
cal siudent at the Univer ':, f Mal-
tourne, he stariad training &s ¢ surgeon,
then switchad ta psyehiatry.

2> owas drawn to Alzheint2r's alier
working in the :id-13505 2s 2 young phy-
siciar 2t a mer:al institutios, where he
saw 700 patients with dameaniiz who were
cn._. li l\e in l'ﬂe \"L'.' o‘ d-.; crnos"s or

bie mk of un‘_ \~hll_‘ in x!e‘:-ourne. He
vas inspired ta Universily of Texas
researcher, Crr l)[D‘.’JhEl’ Fradarickson,
who datailed th2 presence of zinc traces
in tth2 brain. Dr. Bush saw (iai the zinc
and the amyloid were in th2 cxacl same
spots. giving Kim a clue W2t they were
samelnw inter-related. Ha stayed on the
trail when he moved to Horvard end Lthe
alfitiated Massachusatis Gernzial Hospi-
tal in 1532,

\torking in the lab of nauroiogist Ru-
dolph Tanzi, iz found that by 24ding zinc
to dead brain tissuz in tes: tubes, the
amyloid suddanly formed ciumps thal
Ipoked like Alzneimer’s plaques. This
was a possible clue that the metals also
piaved a role ia triggering the plagues in
the living brein as well. Dr. B ush submil-
ted the p\uer 10 the prestizious journal
znzi warned he was shoot-
ing for the I'HLO'I But the papar was puo-
lishad in 1394,

“He s'un-*' out extremaiy lucky”
Ssavs D Tanit his co-author en this and
m Lt {J',)u> \‘.)u luck lul--;.\ed He ob-

oeseaarsihy fondineg

Colner sudl

simer’s Theory

co-fountzd in 1397

Rut Dr. Bush's luck soon soured. His
work was "buckirw conventional wis-
dorm,” Hﬂ dre\u attacks

St
-ers who ware asked to I'EVL..I his submis-

sions o pzer-reviewed journals. One of
W who are traditionally
wus especially

1 CJ rol think the manuscript is wor-
thy 6! t2inz published in Nature o¢ else-
wheve,” a2 renevm VT0LE, bl sting the
man-_: oto23 "w mlnv—n Anoiher
critiz chzsiised him for muldying the al-
s porpid waters of Alzneimer's re-

searcr.
Risinz Frustration

B 133, his [ruslratisn rose as grani
funds ren low. Like many researchers in
acadomia who tack endowed chairs, Dr.

"t paid by Harvard. He runs his
-4 pays salaries oui of grants and

n funds.
-d hooctl a gl"ri [rom lhc [\'"

e hl: woe:
>me of his protezs’
v znd il-crafted. \‘rlle he dmxe>
's='s orizinality &xd exparimants,
S"):h‘EIE'n"[‘af' nus 2bous
is Lh2ories. Dr. bosh, r.. jokes,
red (he “wacky unci2” ground

Jnile at clos="‘or NIH measzt-
W reviewers waren't se jocular

od 2

D. Bush recalls.
exparis asked:’
> cause of Alzhzimer's cis2i
: your drug?”

poinied ch allanza 19 his
He savs thes2

grant  appli
origins of Al
sviewers compii
eoplications wede wny i
and short on bluu v, Do
T m»ﬂd all teiz along o Do
=g vowed to ha2ip Dr. Bush i
prove his applications.
I 2isd turned out thai Dr. BL\'I V28
1221 pursuing 2 trea: ment. Working
rice given a gene [or Alzhzi-
s. Dr. Bush le;ted oral dos2s of 2
re-veas-old drug called cliocuiral, var-
sus plazebos. When Dr Snyder lzarped
o (i, he quickly aszad 1o s2e th2
“lEI r.me wesks, tha tlreaiad’
1 ¢ hei2 amy-

n

-
'

Fuz-)‘.\'ii" Dr. Bush e-mazii2d Do

2 19'5&‘ Dr. Bush sa2ni 2 pRoio:

: sl':dv 0. the resulis lo m> 2




worsering” of the Cis2

" placebn. As for sid2

pla~ues. The treated mice had brains as
c as the day they were born.” He
fecails deciding, “I'm going to go to the
wall for thisl”

Dr. Bush crafted his ninth NIH grant
proposal. The review committee gave it
a score in the top third—noi great, but
enough to get a S$730,000, [ive-year
crant.

“Tne mice came along &t th2 right
time,” Dr. Snyder says. The journ2| Neu-
ron published the mouss study. In Mel-
bourne, Prana, the biotzch comazny Dr.
Bush co-foundad, prepaced 1o lauzach hu-
man clinical trials.

But there was a prodteni: Ciloquinol
had a disastrous history. i wes intro-
duced in the 1830s by Swiss ¢érug giant
Ciha-Geigy AG, us @ trezimaai fzr amoe-
bic dysentery, 2 potentially Coadly inlesti-
nal aitment. The drug was lzier pro-
moted in Japan for all Lypss of stomach
trouble. By 1370, howey2T, r2ariv 10,009
people who had been treziad with the
drug, mostly in Japan, davelopad paraly-
sis or blindnass.

These days, some scientisis believe
the adverse effects might heve been
influenced by a vitzmin E-12 deii-
ciency in the postwar Japarese diet.
So Prana added vitemin B-12 supple-
ments lo the clioguinat in 102 Alzhai-
mer's study. Thal ¢:
company Savs.

Prana's randomizad 6ot
jeal trial was launched in 29
pletzd by 32 volunieess in 2
tham got clisauinot; hali goi e
In spring of 2002, Coiin !
man of Prana's scieniiiic £o21C, gave th2
first peek gt the resulis, dzclaring Alzhel
mer’s diseasz was slowad by th2 drueg.

Tiis mosth the Archives 6l Neuroiogy
publishad the full rep: nerasults: Vol-
untzers on, pl2cebo sk ‘2 “subslaniiel

{ tzsed upon

o
=
& L
()
o
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covnitive Lests, whil2 ©2
experiznced “minime! €2 rizration.” In
addition, bisod 12vels o » amwloid pro-
tain in the blood €2 zmong those
taking the drug butl 2¢ in those on

ci
“woil-tolerated,” wrot2 Do Bush and his
co-authors from th2 U.S., Evrope and
Australiz. One partizipant who had 2
Risiory of hyperiensidr 3 ciaucoma,
sufiered impaired vist z
Bu! the symptoms d:sappeared when the
triad ended.

Now scientists in th2 UK. Japan and
the U.S. are pushing forward with re-
cparch on clioquinel or drugs like it. Doc-

.z the izl .

tors at Duke and Tnomas Jaiierson Uni-

versities are planning large-scele clinical
trials. There are s0m2 giiichas, Prana is
in a patent dispute vwith oneiime colabo-
rators at a Greek pharmaceutical com-
pany, PN Gerolymzs SA. (1: didn’t re-
spond to requests f2r comment.) Mean-
i 3 is worxinz en & ¢rug similer

e
vas treated [aily
chos2 o puisu &

ion. " b2 suvs. TA ool scirniist needs 2




Grounding Can Affect Water Quality

S. J.

hs practice of using water piping as partof the ground-
Ing system of the bullding has been common place for
more than 80 years ' The practlce was predicated on
the assumption that with groundlng there was little or no effect
oIaJternatllngcurnant(ac),ascornpared todirectcurrent(dc),en
the corroslonbehavior of metals ' When electrlcal transformers
serve multiple bulldings and customers, this results in the
water service piping and distribution piping acting as both
grounding electrodes and transformer neutral return paths for
the shared electrical systems 13 The Natlonal Electrical Code
has mandated since 1923 that the external burled water service
plpirg be used as all or part of the ground electrode system* *.

Frorn the beginning, the water utility industry had concerns
regarding the effect of grounding currents on water quality.
Early studies on the effects of grounding on water quality.
including Warren *, Ellassen 1 American Research Committee
on Grounding *, and Ellassen and Goldsmlth *. These studies
were primarily concerned with the effects of groundingon water
quality in terms of odor and taste. Alternating and direct
current studies were conducted zlong lengths of electrically
continuous metallic water service plping. Changes In metal
content of the water were measured using the analytical tech-
niques available at the time, Thase early studles concluded that
the presence of ac and dc current on electrically contlnuous
metallic water service piplng did not effect water quality. -

‘The promulgation of the Safe Drinking Water Act Lead and
Copger Rule in 1981 again ralsed concerns about the effect of
grounding currents on water quallty. A recent study by the
Orlando Uttlities Commission * was performed using 2 model
heusz systemn. The study concluded that grounding currents
flowing on electrically continuous potable water plpes do not
cause characterstic and distinct increases in metal concentra-
tions for the conditlons investigated. However, post-testing
metallographlc examinaton of the plpe surfaces Indlcated
changes In protective oxlde Hims, suggesting a depolarization
effect of ac current. Further, Increases in metal concentrations
were measured duringlightning storms. Simllar resultsregard-
ing effects of lightning on internal corrosion and metal release
were reported by Guererra N :

As part of a research project for the Amerlcan Water Works
Assaclatlon Research Foundationentitied The Effects of Electri-
cal Grounding on Pipe Integrily and Shock Hazard', the

increasing use of plastic service piping and other dielectric or

electrically insulating connections in water services became
apparent.In addition. field research found that rubber gasketed
water meter connections can become resistive over ttme and
effzctively act as electrical insulators. Electrical resistance or
insulation In the normally cenductive plpe will force some
current to flow through the parallelln(emalwatera_nd external
soll paths. Discharge of currznt on the inside of the plpe
Increases metal concentraticns In the service line, while dis-
cha:ge of current on the exterior of the pipe could Increase
service line fallures. :
Previous studies cn the effects of grounding on water quality
and metal release did not fnvestigate the effects of resistance of
dielectric fittlng on water quality. These earlier studles *’
applied either ac or de or beth ac and dec to an electrically
continuous sectlonol pipe and measured the change In metalion
concentration over a paricd of time. Without stgnificant resis-
(ance inthe metal pipe wall, electrical current continues to flow
in the rauch more conductive pipe wall 3. N6 current Is dis-
chargad on the inside or the outside of pipe and it is not
surprising thatno effecton watar guality was sreviously found

shorting across one of the

Duranceay, G. E. C. Bell,‘ M. J. Schiff, R. M. Powell, and R. L. Bianchetti

when electrically continuous pig= sections were tested. In this
study, the effects of dielectric fittings on water quality and
metal release was studied.

EBHUD and PCU Srodbes
EBMUD and Pinellas County Utilities (PCU) agreed tao

participate In the water quality study. The oblectives of the

2dditional stucles were: V

+ Ta repeat and canfirm preliminary screening results from
field and lab tests performed as part of the pipe Integrity
study ¥,

. To investigate the effects of short sections of plasdc pipe as
insulators on water guality; end, .

. To evaluate the effect of lead sclder surfaces and solder Jolnts
on metal (lead. copper and z!nc) release.

Test Condltlara Aad Test Artldde Daslga

Four valiages (120, 25, 10. ard § volts-ac) were Intended tobe
investigatad Inthe follow-on tesiing. Three different types of test
articles (CA", "B~ and "C7) were used in the testing for three
lzngths of time (24,72, and 1€3 hours). Each type of test artlcle
had an associated control with rno applied voltage for 168 heurs.
Test artlcles "A” investigated cizlectric unlons on lead-free sol-
dered copper pips systems. Test artlcles "B investigated the use’
of 6 In. of PVC as an lnsula:ing method. Test articles "C”
investigatad the effects of dielzctric unlons on systems where
|2ad solder was used to make Joints with copper. The test articles
werz wirzd In parallel so that the applied voltage across all the
tzst articles were equal. A 10-cium resistor (+ 2%6) on the neutral
side of the test articles acted as a current measuring shunt for
each test article.

Data Collection Preczdurss

At start-up of a test serles (i.e. 120 V-ac, 25V.2¢c and 5V-ac)
measurements of ac voltage ard 10 ohm reslstor voltags drop
(10 millivolts » | mitllampere) every 5 minutes were made for
the first half hour. After this initial start-up pzriod, at least
three daily measurements (mzming, ncon. and end of day) of ac
voltage across insulator or PVC tubing along with current,
fiowlng tn each 10 ohm resister were made. It is recommended
that measurements shculd t2 made with properly rated test
leads and meters by personnel trained with respect to electrical
safety and familiar with the hazards related to the tests.

At the end of the test pericc for each test article (24,72 and
168 H). the power was turniz2 off and the test article water
emptledinto a labeled container. The power was then turned
kack on and the start and siop times for the power were
recorded. The temperature, pH and dissolved oxygen of the
water semple were measured tnsit2per EPA approved methed.
Laboratory analysis of the tast article water samples and
control samples per EPA apzroved methods for TDS and/or
conductivity, total and calcium hardress. tetal alkalinlity.
lead. copper. and zinc were performed.

Resulu

Tests were icentified by the test article. 2pplled volt2ge.
and expasure time. For example. A-005-024 designates the
t2st corducted with test article type "A° with 5 Vac applied
across the insulator for 24 h. Unfortunately. PCU was unable
to perform tests at 120V duz to high currents which caused
2relectric unfons and increased
water Lamperature atove 6C°C. Measured resiscances were
about four times lcwerat PCU ground water 25 ccmpared with
the EBMUD snow melt watzr PCU conducted esis with a
maximum of 50 Vac applied v2ltzge instead of the 120 Vac.
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Flgures 1 through 3 deplct the depen-

dence of metal pick up of the water as a
function of the product of the average mllli-
amperes of ac and the contact time (ac-
ma*h) for Cu. Zn and Pb for some of the
testing performed at EBMUD and PCU.
For the A-serles test articles, which con-
sisted of copper tublng separated by a dl-
electric unton fabricated with lead-free sol-
der, copper. zinc and lead Increased with
increasing ac-ma*h for both the EBMUD .
and PCU data. The level of metal release
was less for PCU as compared to EBMUD,
despitethe facthighercurrents were present
at PCUas compared to EBMUD. Total metal
concentrations were substantlally lower for
both PCU and EBMUD for the B-serles,
which consisted of copper tubing separated
by 6 tnches of PVC plpes as an insulating

Controls

1034 . 2576

2346
AC-ma~h

Figure | Coppef and inc concentratons as a function of AC-
ma*h lor indal scoping tests at EBMUD with 123 VAC applied

conneactor. The lower metal concentrations 45
are directly attributable to the higher resls- 44 L
tance and, thus, lower currents present in

the tast systems. EBMUD shawed signlifl- Br
cant copper plck-up with very little zinc 30+
increase. Lead release in the EBMUD-B g 451
serles was sporadic and in some cases E »0

significant.

Thz source of the lead In the EBMUD
tests was probably brass plugs in the test
articles. PCU data for B-serles test articles
shewed low copper plck-up but significant
zinc relzase. The source of zinc Is not clear
and may be related to solder fluxes used
during fabrication. Lead levels were low for
the PCU B-series tests when plastic plugs
were used tn place of brass plugs to seal the
end of the test article.

For the C-serles test articles, which con-
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Figure 2 Copper and zinc concentratons as 2 functon of AC-
marh lof [ollow-on tests at EBMUD with Type "A" test articles

sisted of copper tublrig separated by a dielec- 025
tric unlon with 50:50 lead:tin sclder surfaces

expesed to the water, copger, zinc and lead

increased wlith Increasing ac-ma*h for both 0.20 =
the EBMUD and PCU data. The level of

copper releases was less for PCU as com- 0.15 -

parzd to EBMUD, despite the fact higher
curcents were present at PCU as compared to
EBMUD. Levels of zinc were somewhat higher
for EBMUD. and lead increases for PCU
were higher than EBMUD.
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Copper, lead and zinc release were slgnifl-
cart and In many cases exceeded the actlon
levels forprimaryorsecondarydrmklngwater
standards. Differences in metal release be-
hawior between the PCU an¢ EBMUD are
cbvicus and indlicatz that the differences are
dus to the dilferent sources and treatment of
water at the two utlites.

The mechanism of ac ccrresion has been
postulated to be caused by rectificatlon of alternating current to
dirzct current by “metallic” rectiflers at the metal/oxide Inter-
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‘face 3,15, 17. In metallic rectifiers such as copper/copper oxice

the rectifying junctdonis betwean the oxide semiconductor and
the metal surface. The direction of the cufrent is from the
semironductor to the metal For copper surfatgs, copper oxides
act 2s the semiconductor on the copper metal surface and
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figure 3 Lead concentiation asa funciicn of AC-ma"h for
fcllaw-on tests at PCU with Type A" (st afticles

produces a half wave rectifying clreult which resclts in net
direct current. )
PCU Is a greundwater sdurce while EBMUD is 2 suriace
water source utility. As such. PCU has much lower ¢issolved
oxygen (DO = -2 mg/l) in thsir make-up water as co:T"-Pa‘_ed Lo
EBMUD (DO = -10 mg/l). Since the formation of copper oxidels
related to the amount of oxygen present in the make upwater

FLORIDA WATER RESOURCES JOURNAL » FEBRUARY 1697 * 35



and dissolved oxygen would be consumed in corroslon reactions
which are causing metal release, the reductlen in DO was

correlated with the Increase in metal ion equivalents In the
“ solutlon. ,

For EBMUD conditions. of higher inltlal DO, there s good
correlation between Increased metal jon content of the water
and the reduction tri DO. The correlation does not hold for the
lower Inittal DO PCU data This suggests that DO plays a role
in the magnitude of the release of metal. Tn addition to the
differences in DO, PCU utilizes a blended phosphate corrosion
inhibitor to control copper corrasion. EBMUD does not use a
corrosion Inhibltor. The presence of the Inhlbltor probably
contributes to differences in metal release with respect to
copper and zinc. between the two utilities.

1n additlon, the literature and data collected In the EBMUD
_and PCU lab testing show that voitages and currents which
increase metal release on the Interlor of the copper piping with
insulators in the water service can also Increase soll-side
corroslon an the exterlor ofu nderground copper water services.
Whether or not this increase In corroston rate due to ac is
significant over the Hife of the bullding is unknown.

Summary And Condusons

A serles of test were conducted to investigate the effect of
electrically Insulating unlons on water quality in the presence
of applled alternating current voltages of 123 and 50 volts. The
followlng conclusions can be drawn from the data presented:

I} The data Indicate that-there was a pronounced effect of ac
voltage on copper release for both the 123 and 50 volt-ac tests.
Copper and lead contents measured after 24 hours of exposure
at the lower applied voltage exceeded EPA Lead and Copper

- action levels, 0.015 mg/l and 1.3 mg/l for lead a2nd copper,

respectively. ’

2) Metal release generally increased with charge transfer, In
accordance with Faraday's law. .

3) Based on the metal release data collected in these limited
tests. the ac corrosion rate is calculated as 0.14% of the corre-
sponding dc rate for the conditions investigated here.
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INTO DRINKING WATER FROM COPPER PIPE

The following summary has three components:

A Knovm and Suspected Toxicity of Copper to Humans and Other
Living Organism.

¥
B. Pipes Leaching Copper and Other Contaminants Into The Drinking
‘Water. ,
C. Scientific Community Recommendations on Copper in
Drinking Water.
S R R R R R Rk ok KRk R Rk Rk kR R R R R R R

A Known and Suspected Toxicity of Copper to Humans and Other
Living Organism '

1. From CalEPA’s Office of Environmental Health Hazard Asséssment_:

The California Safe Drinking Water Act of 1996 (amended Health md’Safa‘Ly Code,
Section 116365) requires the Office of Environmenial Health Hazard Assessment.
(OEHHA) to adopt Public Health Goal (PHGs) for contaminants in érinking water
based exclusively on public health considerations. The PHG technicel support
document provides information on health effects from contaminants in drinking
water. The PHG descnibes concentrations of contaminants at which adverse health
effects would not be expected to occur, even over a lifetime of exposure. PHGs are
developed for chemical contaminants based on the best available toxicological data in
the scientific literature. These documents and the analyses contained in them provide
estimates of the levels of contaminants in drinking water that would pose no
significant health nsk to individuals consuming the water on 2 daily basis over a
lifetime.

A PHG of 170 ppb has been developed for copper in drinking water.

Copper does not appear {o be carcinogenic in animals or humans, therefore the PHG
is based on noncarcinogenic effects. The PHG 1s based on gastrointestinal effects in .
children, the sensitive group for this chemical. In one case report of 2 Vermont family
that consumed drinking water with a copper concentration of 7.8 mg/L, a seven-year-
old girl experienced abdominal pain and a five-year-old girl experienced episodes of
vomiting and abdominal pain after drinking the water. To calculate the lowest- '
observed-adverse-effect-level (LOAEL) the water consumption of the two girls was
estimated at one hiter per day. Ap uncertainty factor of 10 was employed to
extrapolate from an LOAEL to a no-observed-adverse-effect-level (NOAEL), and 2
relative source contribution of 80% vsas assumed. Based on these assumptions,
OEHHA calculates a PHG of 0.17 mg/L (170 ppb) for copper in dnnking water.
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'-1-71“-.}-{Te.f;ol'lowin-g health and environmental problems have been idcnh_'ﬁ.ed-by yarious
health organizations and groups as potential toxic problems associzied with
copper in drinking water. The below comes from the Environmer:al Defense

and have hyperlinks attached.
Human Health Hazards Relereoce(s)
Cardiovascular or Blood Toxicant ' KLAA
Developmental Toxicant : EPA—SARA
Gastroiniestinal or Liver Toxicant ATSDR DOSS KLAA RTECS ZInM
Kidney Toxicant MERCK
Reproductive Toxicant EPA-SARA FRAZIER

Respiratory Toxicant

3. The National Research Council (NRC)l stated that the current heelth Jevel
established by U.S. EPA for Cu is for acute exposure and is not suitable for
estzblishing a health base level for MCLG (maximum contaminznt level goal).

The need to develop a chronic exposure level is necessary zad vill be much lower
concentration. '

4 The average absorpiion of Cu by the body is controlled by the }iver function and
is 30% to 20% znd is influenced by age and genetic backgrount. (see NRC 2000
ST Report)
(\ 5. Infants fed formula with tap water are much more sensitive o e.zvated copper 1D
- water beczuse they have a higher ebsorption rate and reduced czoecity to excrete
copper s those of an older age. (see NRC 2000 Report)
6. ere is the potential role of genetics that underlie infant znd czildhood copper
toxicosis. (see NRC 2000 Report)
7. Evidence suggests thet when the bodies ability to regulate Cu iz surpassad by
' excess Cu, e large amount of Cu is released into the bloodsirez: damaging red
blood cells and causing acute hemolytic anemia. (see NRC 2079 Report)
8. Because reproductive and development effects are affected by small amounts of
Cu inirauterine devices by preventing embryuogenesis by blocing implantation
" and blastocyst development that Cu exposure during the early zosmatal period
requires additional study to delermine teralogency during precizncy. (see NRC
] 2000 Report) ' ~ ~
"~ 9. The ingestion of Cu should be cautioned against because of tiz possibility of the

hepatic (liver) susceptibility. (see NRC 2000 Report)

! Al the direction of Congress, U.S. EPA asked the National Research Courzi (NRC) to revie§v
independently the scientific and technical basis for U.S. EPA's health favei isr copper in drinking
water. The Committee members were from Lhe fields of toxicology, epidemiology, pathology,
pharmacology, genelics, physiology, medicine, public healln, exposure ass=ssment, nutrition,
chemislry, biostatistics, and risk assessment. The Commities reviewed avziiable toxicological,
epidemiological, and exposure daja and made specific recommendations in their 2000 published
report titled "Copper in Drinking Water,” Committee on Copper in Drinking V/ater, Board of
Environmental Studies and Toxicology, Commission on Life Sciences, Nztonal Ressarch
Council.
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12.

13.

14.

15.

16.

17.

18.

19.

20.

There is an association between liver toxicity and copper in sensitive population ™ T

(Wilson Disease-2% of population). (see NRC 2000 Report)

- A Wisconsin Department of Health and Social Service’s Division of.Healtb

study stated Health studies have found that copper in drinking weter cen 2dd 4 to
45 percent more copper to a person’s diet than what is in food sources. '

In sensitive hunan populations, the majority target of chronic copper toxicity 1s
the liver and neurological toxicity with those with Wilson disease. (see NRC 2000
RCPOI’T.) ) v Coanly
The liver and brain are targets of copper toxicity in patients with¥/ ilson disease.
(see NRC 2000 Report) ' R
Excess digestion of copper in drinking water can czuse nausea, diarri:ea,
vomiting, and intestinal cramps. Severe cases of copper poisoning bave lead to
anemia and to the disruption of liver and kadney functions. They also sated that
individuals with Wilson's and Menke’s disease (genetic disorders resulting 1n
abnormal copper absorption and metabolism) arc 2t higher risk from copper
exposure than the general public and can have serious health provlems. (see NRC

oty

v

2000 Report)

Chronic exposure to excess COpper causes liver toxicity end a numbsr of chronic
cases of liver toxicity have been reported. (see NRC 2000 Report) - w.sesiidwt
Dr Lewis Mehl-Madrona, M.D., Ph.D, Program Director, Center for Heelth and
Healing, Beth Israel Hospitel/Albert Einstein School of Medicins reported that |
studies suggest that environmental factors associatzd with learning diszbilities
such as Attention-Deficit/Hyperactivity Disorder (ADHA) have found
correlations between ceriain toxic agents such as copper accumulaiing in brain
tissue.
Dr. William Walsh, Pn.D., Co-Founder and Senior Scientist for “The Health
Institute and Pfeiffer Treament Center” suggested that studies pointioa potential
correlation for Autism Disorder and copper injustion that could impair neuronel
development, especially in the first 30 months of life, which could resuli In
incomplete maturation of the G.I. track and brain.
Research is being carried out by Ashley Bush, Harvard Mzdicz! Schoc! and the
University of Melbourne 2ad the PRANA Biotech School Melooumne that studies
the 2 link of copper accurnulation 1n the brain thet causes 2 buildup of hydrogen
peroxide which induces amaloid plaques in the brain i.e., Alzhzimer’s Gisease.
An old antibiotic, Clioquinoline, is now being tested on 50 Alzhsimer’s patients
according to Dr. Ashley Bush of Massachusetts General Hospital znd Harvard
Medical School. The drug was effective in mice experiments because it removed
copper and zinc in amaloid plaques in the brain that are 2 mejor feature of
alzheimer’s. There was 2 51 percent reduction in the plaques in the mice and the -
hope is that for humans it will aid the brain to “heel” itszlf to “cleer out the mess”
causing Alzheimer's.
In 1992 a 6 week old girl was diagnosed with methemoglobinemiz induced by
simultaneous exposures of copper at levels close to the federal ‘drinking water
standards. The study stated that drinking water that stands ovemnighi in copper
pipes may often contain copper levels that exceed federal drinting waier
ctandards and that the water should be flushed prior to drinking watet that stands
overnight in copper pipes according to the investigation by the \‘fi;coas'm
Department of Health and Social Service’s Division of Healin.
Two Material Safety Data Sheet states that copper may c2use anzmiz 2nd other
blood cell abnormalitizs and copper accumulates in various tissuzs end may result
HCD- Page 3 of 9




in liver, kidney, and brain damage. It has also been reported that copper
. poisoning has lead to hemolytic anemia and accelerates arteriosclerosis.

29 The Medical Toxicology Unit from Guy’s and St. Thomas® Hospital stated that
“Chronic poisoning with copper leads to gross hepatic copper overload vith
severe liver disease in young children. Indian childhood cirrhosis have reports of
poisoning in young children as 2 result of high copper content in well waler

93, The NRDC cited 2 study (Sidhu, K 1995%) in its report that recommended
decreasing the federal maximum allowed amount of Cu in drinking water in order
to adequately protect children?. This study found that infants anc children up to
ten years of age have greater sensitivity due to the presence of nommally high
concentrations of copper in the liver during early life and the lack of a fully
developed physiological mechanism for regulating levels of coppzr in the body.
One study, recognizing this difference, recommended decreasing the fedzral
maximum allowed amount of Cu in drinking watez in order to a¢=quately protect
children.t? -

24, Inareport by the International Programme of Chemical Safety titled _
“Environmental Health Criteria 200 Copper the following findings were made:

(1) Ingestion of excess copper is infrequent in humans and is usually a conszquence of
the contaminaton of beverages (including drinkinz-water) or from accidzatel or
deliberate ingestion of high quantities of copper salis.

Effects which occur at lowest levels are those on fne gastrointestinzl trect; for -
example, nausea, vomiting and diarrhoea. Doses which induce such effects have not
- been well characterized and confounders such as microbiological guzlity of water
supplies or other potential causes of the symptoms have not been edzquatzly
considered. On the basis of available data, gastrointestinal 1llness appears to be
associated with consumption of drinking-waier contzining severa! mg/litre of COPpeT,
but it is not possible to provide 2 precise number. Symptoms diszopear following &
change of water supply. : '

(2) Human health risks are risks associated with low intakes 25 well as high intekes
of essential elemenis. The relationship behween inteke/exposire level end nsk
therefore has a U-shaped curve, wit risks from deficizncy at 1o intakes and Tisk

~“5f tdxicity 2t high intakes. There is a need to define an intake range that prevents
both deficiency and toxicity for the general population. The rzage of accepteble
intakes to meet the biological requirement, as well as prevent 1isk of toxicity, may

" be extremely narrow. A balanced and comparable scientific 2pproach to
assess risk from deficit as well as excess is needed when evaluating
essential elements such as copper. :

(3) When copper homoeostatic control is defective and/or coppe: intake Is
excessive, copper toxicity may occur. )

(4) People with Menkes and Wilson disease are at risk with coppet
contained drinking water. '

(5) Menkes disease Is an X-linked recessive disorder of copper 2 abolism that
Q'ééﬁis in approximately 1 in 200 000 live births. Clinically the condition resembles 2
dBpper deficiency state'and is characterized by skeletal abnormzlities, severe mental

2 Sidhu, K et al., "N=zd to Revise (ae Narcnal Drinking Watzr Regelation for Copper,” Regulaiery Tsxizology end Pharmstoi0gy
22, August 1995, pp. 95-1£0. o

3 From NRDC's “Tosic Chemicals & Hoahife Fids” Healths In Dcp.'.h: Repori: Qur Children At Risa: The 5 Worst Environmezniat
Threats To Their Heahh, Chapter T, Drinidng Water Contamination.
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¥ retardation, neurological degenération and death in early childhood. The symptoms of
Menkes disease result from a deficiency of copper and its effects on the function of
copper-dependent enzymes. - A

(6) Wilson disease is the most extensively described inherited disorder of copper
metabolism. The gene 1s distributed worldwide, having been demonstratzd in -
virtually all races. Current global estimates indicate that the incidence rete of the
disease is approximately 1 in 30 000 live births, with prevalency ranging from 15
to 30 per million. The gene frequency variss between 0.3 and 0.7%, comresponding to
a h Copper (EHC 200, 19938) _

(7) Idiopathic copper toxicosis, or non-Indien childhood cirrhosis Scattered reporis
of early childhood cirrhosis similar to ICC, referred to as copper-associated
idiopathic copper toxicosis (ICT) have appsared from some Westemn countries
(Walker-Smith & Blomfield,1973; Miiller-Hocker et al., 1987; Adamson et al., 1992;
Gormally et al., 1994).Coppar (EHC 200, 1993)

(8) In England a correlation study, with measurements made after diagnosis of
coronary heart disease, has shown higher serum copper levels in cardiovascular
disease patients (Punsar et al.,, 1975).

(9) Available data in humans and animals ere inadequate to assess the
reproductive/developmental effects of copper compounds on humans..

(10) Bioaccumnulation of copper by microorganisms, plants or animels
from their swrrounding environment can be adverse and must be stdied
further.

(11) Copper exhibits significant toxicity to some aquatic organisms, alinough’
the degree of toxicity is highly variable znd the bioavailability of copper

- dictates its toxicity to a’large extent.

B. Copper YWater Pipes Leaching Copper and Other Contaminanis Into The
Drinking YWater

1. The California Depariment of Health Szrvices (DHS), Drinking Weter Program,
has 2 Water Quality CD available which 1s all of the historical drinking water dat2
‘beginning in the late 1980's through the present. The datais the mzndated
sampling, testing and reporting of drinxing water by water systerns, primarily
large water systems (more than 200 connections), drawn at designzted
" delivery/sample locations before delivery to households. DHS was unaware of
any governmental agency that had data on water semples taken from the tep in
households.
2.~ According to the U.S. EPA® and the National Research Council (NRC),
metallic copper is unstable and subject to corrosion when in contact with water
and it is a “mistake to” assume that copper metal (Cu) and its alloys “do not leach
;nﬁb_the drinking water.” This includes water termed DOD-COITOSIVe O water
‘treated to make it less corrosive. Copper occurs in drinking water primarily due
tq its use in plumbing materials. Copper leaching continues from installation until
. about 10 year of service. ,
3. A review of the Associated Laboratories data developed from July 17 throngh
-Tuly 25, 2002 at the Murrieta Ranchos Development in the City of Murmeta,
California showed copper concentrations from 22 hornes ranging from a low of

4 USEPA Ground Water and Drinking Water Technizal Fact Sheet o2 Copper.
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10.

11.

146 ppb to a high 02,400 ppb. The Public Health Goal for copper in drinking
water as established by CalEPA’s Office of Environmental Health Hazard
Assessments 15 170 ppb. 21 of these homes have exceeded this PHG level. The
average pH of the water tested was 7.4 which is slightly basic not acidic.

A 1975 AWWA Journal reported that corrosion of household Cu plumbing
Several states have measured CU concentrations in dnnking weter fom Cu pipes
that exceeds U.S. EPA MCLG levels. (See NRC 2000 Report)

Water softeners using ion exchange are likely to have increase Cu coatarnination
levels in the dnnlang water. (See NRC 2000 Report) '

was a major source of Cu metal contamination in U.S. dninking water.

The Agency for Toxic Substances and Disease Registry (ATSDR)’ created the

" “Public Health Statement for Copper” which states that you may be exposed to

high levels of soluble copper 1n your dnnking water, especially if your water 1s
corrosive and you have copper plumbing and brass water fixtures. The average
concentration of copper in tap water ranges from 20 to 75 parts per billion (ppb).
However, many households have copper concentrations of over 1,000 ppb (near
the upper limit of U.S. EPA’s Maximum Contaminant Level. This is because
copper is picked up from copper pipes and brass faucets when the weter sits in the
pipes overnight. After the water is allowed to run for 15-30 seconds, the
concentration of copper in the water decreases.

Copper pollution in the Town of Discovery Bay, California has lead to'a NPDES
permit issued by the California Regional Water Quality Control Bozrd requiring
the removal of Cu from the water supply through a “Pollution Prevention Plan.”
The major cause of copper pollution 1s from the use of water soflensrs that are
installed on copper piping sysiems in homes of Discovery Bay. (szz letter from
Virgil Koehne, General Manager of the Town of discovery Bay, Avgzust 22,
2003.)

In February 1997, the Office of Drinking Water for the U.S. EPA Environmentel
Criteria and Assessment Office reported that a majority of copper praseat in
drinking vreter appeared to come from copper pipes and they v ere vnabls to
estimate the number of individuals who regularly consume water thz!t exceed saiz
MCL (Maximum Contaminant Level) levels for copper.

An article published a recent issue of the Wisconsin Medical Journal detailed two
separate cases in Wisconsin reported that ingastion of copper-conteminated
drinking water resulted in numerous reports of nausea, vomiting and ebdominal
discomfort because of new copper piping systems. Samples analyzed showed
copper level exceeding Federal MCL levels. In the following weeks, 251 families
submitted first drawn water samples (z2fter sitting overnight) and 48 had copper
levels that exceeded federal limits. The homes were built in the past 10 years had
the highest copper levels in the water. -

Washington State Department of Health stated that most Cu in drinking water
comeés from household plumbing and that copper contamination can accumulate

overnight (called “first flush”™) and recommends that households flush their water
before use for the first 30 to 45 seconds.

5 ATSDR is an agency of the U.S. Departmeant of Health and Human Services whose purposz is to serve
the public by using ths best science, taking respoesive public health actions, and providizg trustzd bealih
information to prevent harmful exposures 2nd diseasz related to 1oxic substances.
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14.

15.

16.

17.

A Wisconsin Department of Health and Social Service’s Division of Health study
stated that “first flush” drinking water in Cu pipes often contain Cu levels that
exceed federal drinking water standards and should be flushed prior to drinking.
Each year thousands of pounds of copper enter the San Francisco Bay, and the
accumulation is harming aquatic life. Research.shows that corrosion from newly
installed copper pipes is 5 times higher than that from older systems. A Copper
Action Plan for the NPDES permit for Palo Alto whose receiving vraiers are the
San Francisco Bay estimated in 2002 that corrosion accounts for 60% of the
estimated Cu sources. The Regional Water Quality Control Plant’s discharge
permit (Order No. 00-109) requires outreach to plumbers and designars to reduce
corrosion of copper pipe via better design and installation.

Test carried our in Victoria in 1976 by the State Water Supply commission
indicated that fluoride is involved in the corrosion of the copper pipes, which
causes more leaching into the water. Leaving fluorinated water standing in the
copper pipes for longer periods of times allows for more corrosion. Countries
such as Switzerland, Belgium, Holland, Germany, and Sweden have terminated
the use of fluoride due to its potential health hazard.

The presence of acidic water in household plumbing systems resulted in levels of
copper or zinc up to 9,000 ppb being recorded in water from cold taps, and up to
22,500 ppb from hot taps. (IRC 2000, Section R324) ' ‘

In the City of Highland, the Richmond Cresk subdivision expenenced 175-200
pin hole leeks in the 67 homes (Letter to Department from Richmond Amsarican
Homes of California, March 1, 1993)

The initiation of pits in coppsr water tubing has been correlated to cerbon films
lefi on the surface during manufacturing, flux residues from soldenng, d=bris lefi
in tubes during installation and water chemistry parameters (Chester Neii, P.E.
Chemist, July 31, 1991 Letter to DEC Consultants in San Diego)

- Scientific Communpity Recommendations on Copper in Dripking Water

- Office of Environmental Health Hazard Assessment (OEHHA) esteblishad in

1997 the current Public Health Goal of 0.17 mg/L (ppb) for copper which was
based on acute gastrointestinal effects in children. OEHHA is currenily reviewing
the 1997 standard and staff has suggested that a target level of copper in drinking
water, measured at the tap, should be in the range of 0.1 to 0.3 mg/L (ppb), 1.€., &t
about the level of the current PHG. ’ ‘
Given the potential risk for toxicity in humans, quantification of copper

toxicity should be undertaken and the MCLG for copper be re-svaluated. NRC
stated the current health level established by U.S. EPA for copper is baszd on
acute exposure to copper and is not suitable for establishing 2 MCLG (maximurm
contaminant level goal). A chronic exposure level is necessary for the MCLG.
The National Research Council (NRC)® stated that because reproductive and
development effects are affected by small amounts of Cu intrauterine devices by
preventing embryuo genesis by blocking implantation and blastocyst development
that Cu exposure during the early postnatal period requires additional study 10
determine teratogency during pregnancy. The reproductive end development
effects of excess copper is not well known other that small 2mounts of copper

¢ See footnote #1
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10.

11.

12.

from intrauterine devices can prevent embryuogenesis by blocking implantation
and blastocyst development. The committee commended that copper exposure.
during the early postnatal period requires additional study to determine
teratogency during pregnancy. (see NRC 2000 report) ,

The NRC recommended that increase in the ingestion of Cu should be cautioned
against until the hepatic (liver) susceptibility is clearly identified.

The NRC recommended that studies be conducted to characterize the

potential role of genetics that underlie infant 2nd childhood copper toxicosis.
The NRDC cited a study (Sidhu, K 1995") in its report’ that recommended
decreasing the federal maximum allowed ammount of Cu in drinking vater in order
to adequately protect children. This study found that infants and children up to
ten years of age have greater sensitivity due to the presence of normeally high
concentrations of copper in the liver during early life and the Jack ofa fully
developed physiological mechanism for regulating levels of copper in the body.
One study, recognizing this difference, recommended decreasing thz federal
maximum allowed amount of Cu in drinking water in order to adeguately protect
children :

The Agency for Toxic Substances and Disease Registry” vhich crezted the
“Public Health Statement for Copper” stated that becauss many households have
copper concentrations of “first drawn” water over 1,000 ppb (near the upper limit
of U.S. EPA’s Maximum Contaminant Leve] that after the water is allowed to run
for 15-30 seconds, the concentration of coppar in the wetar decreesss.

A Visconsin Department of Health and Social Service’s Division of Health study
stated that drinking water that stands overnight in copper pipes mey ofien contain
copper levels that exceed federal drinking water standards and the: the water
should be flushed prior to drinking water that stands overnight in COppEr pipes
according to the investigation.

A Washington State Department of Health znd Social Division of Health Study
stated that most copper in drinking water comes from houschold plumbing and
that copper contamination can accurnulaie overnight (calizd “first flush”) and
recommends that households flush their wetzr before vse for the first 30 to 45

. seconds.

The Nebraska Health and Human Services recommends flushing housshold water
supply prior to use if it has stood in pipes for six hours or more and this water
should not be used for drinking or cooking. If you live in an zpariment complex,
flushing may not be as effective for reducing copper levels. Water from the hot
water tab shouldn’t be used for drinking or cooking. If the resulis of water testing
show elevated copper levels, flushing may not be adequate for childres or infants
and ap alternate source of water my be needzsd.

The Regional Water Quality Control Plant’s discharge parmit (order No. 00-109)
requires outreach to plumbers and designers to reduce corosion of copper pipe.
Known Copper pollution in the Town of Discovery Bay, in Danville, CA that hes
a California Regional Water Quality Control Board NPDES permit with a

7 Sidnu, K et al,, "Heed to Revise the National Drinking Water Regulaion fer Cepper,” Pzgulziory Toxizolozy and Prarmacology 22,
August 1995, pp. 95-1€0. R

! From NRDC's “Toxic Chemicals & Health:Kids” Hezlih: In Depti: Rzport; Our Childezn At Risk: The S Worst Eavironanental
Threats To Their Hzalth; Chapter 7; Drinking Water Contamination.

> ATSDR is an agency of the U.S. Déepartment of Health and Humaa Services whoss purpose is to serve
the public by using the best science, taking responsive public health actions, 2nd providing trusted health
information to prevent barmful exposures 20d disease related 1o toxic subsiznces.
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13.

14

15.

16.

17.

18.

requirement for a Pollution Prevention Plan to remove copper from the water
supply. The recommendation will be to replace the copper pipe for new homes
with alternative plastic pipe.

The NRC recommended genetic animal models be used to determinz the
associations between liver toxicity and Cu in sensmvc population (Wil son.
Disease-2% of population).

The NRC recommended that epldermolognca] studies of population who have
been chronically exposed to elevated copper should be carried out to determine
the nature and frequency of chronic effects, especially in sensilive populations.

Determine the bioavailability of dietary copper, particularly in vegeiarian diets.
Copper (EHC 200, 1998)

In human populations develop the methodology for identifying adx erse effects of
marginal copper deficiency and of intakes in excess of recommended levels. This
should 1nclude an evaluation of stable isotope technology to define bioavailability
and body stores of copper. Copper (EHC 200, 1998)

Determine the concentrations of copper and the other quality paramelurs of

drinking-water that produce toxicity from single and chronic exposures {(e.g..
gastrointestinal effects). Capper (EHC 200, 1998)

Characterize the mechanisms that influence copper homoeostasis ircluding
placental transfer of copper. Copper (EHC 200, 1995)
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