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About the Awwa Research Foundation

The Awwa Research Foundation (AwwaRF) is a member-supported, international, nonprofit organization
that sponsors research to enable water utilities, public health agencies, and other professionals to provide
safe and affordable drinking water to consumers.

The Foundation’s mission is to advance the science of water to improve the quality of life. To achieve
this mission, the Foundation sponsors studies on all aspects of drinking water, including supply and
resources, treatment, monitoring and analysis, distribution, management, and health effects. Funding
for research is provided primarily by subscription payments from approximately 1,000 utilities, consulting
firms, and manufacturers in North America and abroad. Additional funding comes from collaborative
partnerships with other national and international organizations, allowing for resources to be leveraged,
expertise to be shared, and broad-based knowledge to be developed and disseminated. Government
funding serves as a third source of research dollars.

From its headquarters in Denver, Colorado, the Foundation’s staff directs and supports the efforts of
more than 800 volunteers who serve on the board of trustees and various committees. These volunteers
represent many facets of the water industry, and contribute their expertise to select and monitor research
studies that benefit the entire drinking water community.

The results of research are disseminated through a number of channels, including reports, the Web site,
conferences, and periodicals.

For subscribers, the Foundation serves as a cooperative program in which water suppliers unite to pool
their resources. By applying Foundation research findings, these water suppliers can save substantial
costs and stay on the leading edge of drinking water science and technology. Since its inception, AwwaRF
has supplied the water community with more than $300 million in applied research.

More information about the Foundation and how to become a subscriber is available on the Web
at www.awwarf.org.
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FOREWORD

The Awwa Research Foundation is a nonprofit corporation that is dedicated to the
implementation of a research effort to help utilities respond to regulatory requirements and
traditional high-priority concerns of the industry. The research agenda is developed through a
process of consultation with subscribers and drinking water professionals. Under the umbrella of
a Strategic Research Plan, the Research Advisory Council prioritizes the suggested projects
based upon current and future needs, applicability, and past work; the recommendations are
forwarded to the Board of Trustees for final selection. The foundation also sponsors research
projects through the unsolicited proposal process; the Collaborative Research, Research
Applications, and Tailored Collaborations programs; and various joint research efforts with
organizations such as the U.S. Environmental Protection Agency, the U.S. Bureau of
Reclamation, and the Association of California Water Agencies.

This publication is a result of one of those sponsored studies, and it is hoped that its
findings will be applied in communities throughout the world. The following report serves not
only as a means of communication the results of the water industry’s centralized research
program but also as a tool to enlist the further support of the nonmember utilities and individuals.

Projects are managed closely from their inception to the final report by the foundation’s
staff and large cadre of volunteers who willingly contribute their time and expertise. The
foundation serves a planning and management function and awards contracts to other institutions
such as water utilities, universities, and engineering firms. The funding for this research effort
comes primarily from the Subscription Program, through which water utilities subscribe to the
research program and make an annual payment proportionate to the volume of water they deliver
and consultants and manufacturer subscribe based on their annual billings. The program offers a
cost-effective and fair method for funding research in the public interest.

A broad spectrum of water supply issues is addressed by the foundation’s research
agenda: resources, treatment and operations, distribution and storage, water quality and analysis,
toxicology, economics, and management. The ultimate purpose of the coordinated effort is to
assist water suppliers to provide the highest possible quality of water economically and reliably.
The true benefits are realized when the results are implemented at the utility level. The
foundation’s trustees are pleased to offer this publication as a contribution toward that end.

David E. Rager Robert C. Renner, P.E.

Chair, Board of Trustees Executive Director

Awwa Research Foundation Awwa Research Foundation
Xi
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EXECUTIVE SUMMARY

BACKGROUND AND APPROACH

Implementation of the Lead and Copper Rule (LCR) has resulted in significant reductions
in first liter standing lead levels measured at the tap in the United States. However, there are still
utilities that have implemented optimal treatment but may still experience lead levels at or near
the action level for lead, or those that would like to go a step further in reducing lead levels
measured in their system by proactively replacing lead source materials. For these utilities, an
understanding of the contributions that various lead based materials may have on lead levels
measured at the tap would be useful. The stated goal of this Project was “to research and
quantify the contribution of lead service lines, utility-owned in-line components, and customer-
owned plumbing fixtures to Lead and Copper Rule compliance issues.” The results of this
Project also address the broader long-term goals of moving the industry towards a new ‘lead
free’ future and providing information that can be directly applied to future regulatory reviews of
the LCR.

The approach for this project was to complete a literature review and national survey of
lead source characteristics and jurisdictional issues; conduct case, pilot, and field studies; and
perform basic research on corrosion by-product scales found on lead based material. Results
from these activities were used to expand the knowledge base on lead release from lead based
materials in the system, and to develop guidelines for utilities in developing programs to reduce
lead in drinking water.

The literature review summarized the following:

e Historical and current knowledge related to drinking water regulations for lead;

e Standards and controls on lead in materials used in potable water systems;

e How various sources of lead can potentially contribute to lead levels measured at the

tap;

e The effectiveness of corrosion control treatment in reducing lead levels at the tap (in

particular the effectiveness of phosphates as used in the United Kingdom); and

e Basic theory and understanding of the formation of scales on premise and distribution

system materials.

The national survey generated a shapshot of typical industry service line jurisdiction
issues and physical characteristics of service lines. Several utilities provided historical
information documenting experiences with partial and full lead service line replacement, leaded
meter replacements, implementation of no-lead component replacement programs, and the
effectiveness of corrosion treatment using phosphate based inhibitors in reducing lead levels.

Two pilot evaluations were completed; a study of lead release from residential brass
kitchen faucets and an evaluation of lead release from residential meters. In addition, results
from a separate pilot study of excavated lead service piping were provided to the project team.
Field sampling designed to estimate lead source contributions before, during, and after lead
service or faucet replacement was conducted at several utilities. In a more fundamental research
oriented effort, lead based materials were removed from the pilot and field study locations for
assessment of scale material that had developed on the interior surfaces. The scale analyses were
then used to correlate the elemental and mineralogical content of these interior scales to
distributed water quality conditions, and develop hypotheses on their role in release of lead to the
water.

XV
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FINDINGS AND CONCLUSIONS
What are the Sources of Lead Release

The sources of lead at the tap as measured in sequential samples (i.e. profile sampling
where consecutive samples are collected at the tap after a minimum 6-hour standing time)
include lead service lines, lead-based materials contained in the premise piping (leaded solder,
brass/bronze fittings, galvanized piping), faucets, and water meters (See Figure ES.1 for a
schematic of a typical premise piping configuration). Table ES.1 lists the average contribution
from these lead sources, based on “mass of lead” results from this study.

Table ES.1
Average % Contribution of Major Lead Sources

Average % Contribution to Mass of

Lead Source Lead Measured at Tap during Profile
Sampling @
Lead Service Lines 50% - 75%
Premise Piping 20% - 35%
Faucets 1% - 3%

@ From sites with lead service lines. Based on “mass of lead” results measured at the tap from sequential samples
collected for this study

Residential water meters contributed a relatively small mass of lead in comparison to the
other lead sources, and mixing and dilution will likely minimize their contribution to lead levels
measured at the tap.

Internal
plumbing

Isolation

Curb
valve

stop Sidewalk

Communication —

pipe
s ; Water
Water . upply pipe meter
main || (service branch)
Gooseneck or pigtail “ Alternate position of
water meter

Figure ES.1 Typical premise plumbing configuration
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What are the Factors that Contribute to Lead Release from Lead Sources in the System
and Uptake by the Water?

Contributions from the various lead sources to samples collected at the tap, whether
measured from sequential ‘profile’ samples, or from first liter 6-hour standing LCR compliance
samples, will be influenced by a number of factors, including physical characteristics of the lead
source (length, diameter, surface area), water quality conditions, water use and hydraulic
patterns, and mixing and dilution effects as the water flowed during sampling.

In addition, it is hypothesized that the presence of a lead service line at an individual site
may elevate the contribution of individual sources by providing an additional source of lead,
either by ‘seeding’ the premise system with lead or introducing lead derived from the service at
the start of the stagnation period. It is possible that over time, lead from the lead service ‘seeds’
the system by moving through and potentially being incorporated into the scales built up on the
surfaces of the premise piping (including the faucet), from which it can be released over time
depending on physical and chemical conditions. Lead can then be taken up into the water during
stagnation and measured in standing samples collected at the tap, or picked up during flowing
conditions. Therefore, when a lead service line is present, it is likely a significant and may be a
controlling factor in the total amount of lead measured at that site, and the mass of lead
contributed by individual lead sources.

Also, there is a great deal of variability in faucets, including differences in how faucets
are constructed, the alloys used to make the various faucet component parts, and in the
manufacturing processes themselves. These factors can affect the release of lead from new
faucets and the intermittent release of lead over time as the faucets age, making it difficult to
estimate ‘typical’ lead release under specific water quality conditions. In addition, non-leaded
faucets may contain component parts that are made from alloys that contain lead, and may
therefore be subject to lead release.

What is the Effect of Replacing Lead Sources on Lead Levels Measured at the Tap

Results from this study indicate that replacement of lead-based materials can reduce the
total mass of lead as measured at the tap during sequential ‘profile’ sampling. The most
effective way to reduce the total mass of lead measured at the tap is to replace the entire lead
service line, followed by replacement of lead sources in the premise piping, the faucet, and then
the meter. Removal of the entire lead service line appears to have two definitive benefits:
removal of a direct source of lead released into the water and possible removal of a ‘seeding’
source of lead to downstream piping and appurtenances. Removing the lead service may lower
the contribution of lead from other lead sources as this ‘seeded’ lead is ‘flushed’ from the system
over time.

With respect to LCR compliance, removal of the entire lead service will reduce a direct
source of lead that could be present at the beginning of the stagnation period which could
contribute to lead measured in compliance samples. Lead service line removal may also lower
the amount of lead the faucet and premise piping contribute to LCR compliance samples because
it would remove a ‘seeding’ source of lead that may have been incorporated over time into the
scales on the surface. In either case, it should improve LCR compliance over time.

Replacement of only a portion of the lead service (“partial lead service line replacement”)
did not result in improvements in first liter lead levels, and resulted in only minimal

XVii
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improvement in the total mass of lead measured at the tap in this study. Site specific factors will
affect the amount of reduction that can be seen in full versus partial lead service line
replacement. However, based on the results from this study, full lead service line replacement is
preferable to partial replacement.

No improvement in either first liter standing lead levels or reductions in total mass of
lead measured at the tap were seen with replacement of faucets in the time frames evaluated in
this study. Inherent variability within and between faucets available for residential use makes it
difficult to estimate lead release patterns and select appropriate replacement faucets. Therefore,
replacement of faucets and end-use fittings may or may not improve lead levels at the tap;
however, it may be appropriate at sites without lead service lines that may experience elevated
lead levels in first draw samples. At these sites, the relative contributions of lead sources in the
premise piping (lead solder, brass fittings, and faucets) may need to be distinguished. Field
studies of meter replacement were not evaluated; however, the potential contribution of meters to
first liter, standing lead levels was estimated to be quite small.

Are there Drawbacks to Replacing Lead Sources in the System?

For both partial and full lead service replacement, elevated lead levels may occur in
standing samples in the short term (up to 3 days), and may in some cases, persist for longer
periods of time, particularly if only a portion of the lead service is removed. How long these
elevated lead levels will persist is likely to be site specific, dependent on the materials and water
quality at each site and the amount of disturbance during replacement. Physical disturbance to
the meter can also cause high, particulate lead release. Study results also indicate that the
method used to cut the service line during replacement may affect the total mass of lead
measured at the tap. Utilizing a coarse cutting method (such as a hacksaw) may cause more
disturbance on the surface of the pipe than other, less damaging cutting methods (such as a disc
cutter), and increase the lead levels measured at the tap after replacement.

What Lead Sources Have the Most Effect on LCR Compliance?

With respect to LCR compliance, most of the lead in the first liter, 6-hour standing LCR
compliance sample will originate from lead sources in premise piping and the faucet. Results
from this study indicate that the premise piping contributed an average of 84 percent of the lead
in a first liter standing sample, and the faucet and immediate connective piping averaged
16 percent. However there was a wide range of percent contributions depending on individual
site characteristics. For sites that do not contain a lead service line, lead released directly from
the leaded solder and leaded alloys used in the manufacture of faucets and fittings will directly
contribute to lead measured in LCR compliance samples. For sites that contain a lead service, it
is hypothesized that lead derived from the lead service line may elevate the direct contribution of
lead from the premise piping and the faucet by providing an additional source of lead, either by
‘seeding’ the premise system with lead or introducing lead derived from the service at the start of
the stagnation period.
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What Types of Scales Develop on Lead Source Materials and How Do These Scales Affect
Release of Metals?

Results of basic research on the characterizations of scales from various utility and
customer owned pipes and components indicated that for faucets and meters, scales may be
chemically homogeneous and for faucets, the scale composition may be different between the
cold water versus the hot water supply line. De-zincification appears to be the primary lead
release mechanisms for brass materials, and brasses with higher zinc content may be more
resistant to release of zinc, and hence lead. For lead and brass pipe, scales may be relatively
homogeneous along the length of the pipe and contain several layers as well as various amounts
of crystalline and amorphous compounds depending on the distributed water quality conditions
at individual locations. Most scales on lead piping consisted of multiple layers with the surface-
most layer being somewhat lower in total lead, but high in amorphous compounds of other
elements such as iron and manganese. It is hypothesized that the structure and composition of
this surface-most scale layer will likely have a strong influence on lead release. Changes in
water quality, either seasonal or from treatment changes, could increase the solubility of the
surface lead minerals or could also increase the solubility of the iron and manganese minerals,
destabilizing the physical structure of the scale and releasing lead-rich particulates. These scale
results were specific to the water quality and materials compositions at each specific site;
however, they provide needed research on the formation and characteristics of scales that form
on the interior of pipes, fittings, and components in drinking water systems, how these scales
affect release of lead, and an understanding of models of lead release and uptake that result in
lead measured at the tap.

What Regulations and Standards Exist for Lead Content in Plumbing Materials?

The original 1986 Safe Drinking Water Act (SDWA) required the use of ‘lead-free’
pipes, solder, pipe fittings or plumbing fixtures, where the term ‘lead-free’ was defined as pipe
and brass components containing less than 8 percent lead and solder less than 0.2 percent lead.
In 1996, the development and implementation of National Sanitation Foundation (NSF) Standard
61, Section 9 satisfied a requirement for the United States Environmental Protection Agency
(USEPA) to set a performance standard that would establish lead leaching levels in fittings used
for water intended for human consumption. As a result, plumbing fixtures and fittings that have
a lead content of 8 percent or less and are NSF/ANSI Standard 61, Section 9 certified can be
defined as “lead free” per the SDWA. The State of California has passed the Safe Drinking
Water and Toxic Enforcement Act, commonly known as Proposition 65 (Prop 65) which
required manufacturers to prove that ingredients in their products pose no significant risk of
causing cancer or reproductive toxicity. Based on this Act, lawsuits have occurred that further
refine the impacts of Prop 65 on suppliers of materials for potable water systems. Materials
suppliers have now developed a number of alloys that are manufactured without the addition of
lead and contain extremely low lead levels (<0.25 percent). Brass faucets, meters, and fittings
made of these materials are now on the market.
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How Can Utilities Decide Whether to Adjust Treatment or Replace Lead Sources to
Comply with the LCR?

Corrosion control treatment to reduce the corrosivity of the water towards lead and
copper materials is likely still the best and most cost-effective way to comply with the
requirements of the LCR. In addition to LCR compliance, corrosion control treatment also
reduces the mass of lead measured at the tap in sequential ‘profile’ samples, reducing public
exposure to lead. Therefore, a re-evaluation of the current treatment approach should be the first
step taken in an overall lead reduction strategy. Utilities that wish to implement a lead source
replacement program will likely make the decision based on factors other than LCR compliance,
such as a desire to be proactive with respect to removing lead sources from their system or to
address site-specific issues related to high lead levels. Utilities will need to design lead reduction
programs with their unique water quality, materials, and site characteristics in mind. However,
common sense tells us that, in the end, lead source removal is the most certain route to
eliminating lead in drinking water. If none of the materials in contact with the drinking water
contain lead, then plumbosolvency becomes a moot issue. The authors of the legislation behind
the LCR recognized this, but, at the same time, they recognized that wholesale replacement of all
leaded materials in plumbing systems was not achievable at that time, both for technical and
economic reasons. That legislation was passed 16 years ago, since then, a great deal of progress
has been made. The water industry has learned a great deal more about methods of minimizing
the release of lead from lead surfaces exposed to water, and it has made a great deal of progress
in removing lead services. This report clearly demonstrates that the consumer’s portion of the
lead service line remains an important unresolved source of lead. This issue is beyond the
jurisdiction of local water utilities and other resources will be required if it is to be resolved.
Once this issue is resolved, American homes will clearly be on a path toward lead-free drinking
water.”
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CHAPTER 1
STUDY CONCLUSIONS

PROJECT OBJECTIVES AND APPROACH

The objective of this research project was to evaluate the contribution of lead service
lines and utility and customer-owned plumbing components to Lead and Copper Rule (LCR)
compliance issues, and to develop guidance for the water supply community in developing lead
mitigation strategies that will further protect public health.

This project utilized information from historical literature, conducted a national survey of
lead source characteristics, completed case studies of lead source removal and corrosion
treatment effectiveness, and completed field and pilot study activities designed to estimate the
contributions of various lead sources to lead levels measured at the tap. This information was
used to evaluate the relative contribution of various lead sources to lead levels at the tap and how
these contributions might affect compliance with the LCR. In addition, an assessment of the
impact of pipe cutting tools was completed to provide guidance on the best methods for
removing lead service lines. The composition of scales built up on lead source materials was
evaluated to expand the knowledge base related to identification of compounds that form on
leaded materials in drinking water systems and correlations between these scales and distributed
water quality conditions.

REPORT STRUCTURE

The extensive results obtained from the survey, case studies, pilot and field evaluations,
and scale analyses are contained in a CDROM accompanying this report. This text report
contains a synthesis of this information which was used to develop guidelines and criteria for
utilities as they develop programs to further reduce lead in drinking water. The report contents
are organized as follows:

e Chapter 1 — Study Conclusions

e Chapter 2 — Background Information and Research Summary

e Chapter 3 — Contributions of Lead Sources to Lead Levels at the Tap

e Chapter 4 — Lead Level Reduction Approaches and Decision Making Criteria

The accompanying CDROM can be accessed for more detailed information on the
methods, materials, and results of the research, and contains the following appendices:

e Appendix A — National Survey of Lead Source Characteristics and Jurisdictional

Issues

e Appendix B — Case Studies of Lead Source Replacement and Treatment

e Appendix C - Pilot Evaluations of Lead Source Contributions
Appendix D — Metallurgical Analysis of Faucet Components from Portland Water
Bureau Faucet Study
Appendix E — Mineralogy Results of Brass Residential Water Meters
Appendix F — Field Evaluations of Lead Source Contributions
Appendix G — Scale Analysis Procedures for Piping Specimens
Appendix H — District of Columbia Water and Sewer Authority Lead Profiles
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STUDY CONCLUSIONS

Conclusions drawn from this study have been summarized below, categorized by major
area of investigation.

Relative Lead Source Contributions

Contributions of major lead sources (lead service lines, premise materials, faucets) to lead
levels measured at the tap (whether 1-liter first-draw samples for the LCR or more general
samples) were evaluated using case studies, pilot evaluations and field data collection. Typical
concentrations and mass of lead measured in samples representative of each major lead source
were determined based on sequential sampling at the tap, and lead release from individual lead
containing components (meters, faucets and lead pipe). Major conclusions from this portion of
the project are summarized below.

Lead Service Lines. Lead service lines were the major contributor to lead levels
measured at the tap during sequential sampling, and were found to contribute an
average of 50 to 75 percent of the total mass of lead measured at the tap.

Premise Piping. Premise piping was a large contributor to lead levels measured at the
tap during sequential sampling, but was generally less than the contribution from the
lead service lines. Premise piping was found to contribute an average of 20 to 35
percent of the total lead mass measured at the tap.

Water Meters. The contribution of a residential meter to total mass of lead measured
at the tap during sequential sampling was relatively small when compared to the
contributions of the premise piping and lead service lines. Depending on the location
of the meter, mixing and dilution will minimize its contribution to lead levels
measured at the tap.

Faucets and Immediate Connective Piping. The contribution of the faucet to total
mass of lead measured at the tap during sequential sampling was relatively small
when compared to the contribution of the premise piping and the lead service lines.
Faucets and immediate connective piping, as identified by the first 125-mL sample
collected at the tap, were found to contribute from 1 to 3 percent of the total lead
measured at the tap.

Multiple Sources and Factors. Lead can be picked up as water flows through areas
containing a lead source on the way to the tap. This could be due to erosion, scour,
rapid solubilization of lead, and/or mixing. This uptake of lead by the water makes it
difficult to characterize lead derived uniquely from specific sources, particularly
those that are further away from the tap.

Flushed Samples. The relative percent lead contribution from sequential samples
representative of the distribution main averaged from 3 to 15 percent of the total mass
measured at the tap. Lead contained in these samples was likely from uptake of lead
as water flowed through the service line and premise plumbing system.

Impact of Lead Service Lines. The amount of lead released from various lead sources
in the system was larger at sites with lead service lines in place. Lead from the
service line may migrate through the system and be incorporated into the scales built
up on lead surfaces in the premise piping (“seeding”). This lead can potentially be re-
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released over time depending on physical, hydraulic, and chemical conditions. This
hypothesis needs to be confirmed in future studies.

Water Treatment. Orthophosphate treatment was very successful at reducing lead
levels at the tap from all lead sources reviewed as part of this project.

Impact of Replacing Lead Sources on Lead Levels at the Tap

An assessment of the effect of lead service line and faucet replacement on lead levels
measured at the tap was completed using historical information and results of sequential
sampling conducted at field study locations. A summary of conclusions are presented below.

High Particulate Lead. Short-term, high-particulate lead levels often occur after both
full and partial lead service line replacement because of disturbance of the existing
service lines and/or premise plumbing caused by excavation, cutting, and replacement
activities. This can occur in both stagnation samples and in fully flushed samples. A
rigorous flushing regime (up to 60 minutes) may help reduce high-particulate lead
levels measured in the days immediately following replacement.

Full Lead Service Line Replacement. Full lead service line replacement reduced the
total mass of lead measured at the tap during sequential sampling as well as the
calculated first-liter lead level measured at the tap after 2 months, except in cases
where lead levels were already low (~5 pg/L) prior to replacement.

Partial Lead Service Line Replacement. For partial lead service line replacements,
the total mass of lead and the calculated first-liter lead levels measured at the tap may
not be different 2 months after replacement when compared to levels measured before
replacement. In most cases, partial replacement of lead service lines was of very
limited effectiveness in reducing lead levels measured at the tap in the time frames
evaluated for this study.

Full Versus Partial Lead Service Line Replacement (LSLR). “Full LSLR” is
preferable to “partial LSLR”. While lead levels may eventually be reduced to below
levels measured prior to replacement, experience from this study has been that at
2 months after replacement, no improvement in first-liter lead levels, and only
minimal improvement in total mass of lead, was measured when partial lead service
lines were removed. A longer period of time may be needed to realize improvement
in lead levels at the tap after partial lead service line replacement.

Effect of Lead Service Line Replacement on Lead Contributions from Other Sources.
Removal of the full lead service line reduced the mass of lead in sequential samples
representing the premise piping, faucet, and main after 2 months. It is hypothesized
that over time, lead from the lead service line may ‘seed’ the system by moving
through and being incorporated into the scales built up on internal surfaces in the
premise piping. Removal of this *source’ of lead and continued water use may flush
this lead from the system over time, reducing the contribution of the premise piping
and faucet to lead levels at the tap.

Good Management Practices for Lead Service Line Replacement. Full lead service
line replacement should be a goal for reducing lead levels measured at the tap and
complying with the LCR. Best management practices should be implemented during
replacement of lead service lines however, in order to reduce customers’ exposure to
lead. These include utilizing a pipe cutting method that will lessen the disturbance on
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the surface of the pipe, incorporating flushing and additional monitoring to evaluate
lead levels at the tap after replacement, and communicating to the public steps that
can be taken to reduce their exposure to potentially high lead levels immediately
following replacement.

Faucet Replacement. Replacing existing faucets with non-lead alloy faucets may not
have a significant impact on total mass of lead measured during sequential sampling
at sites with lead service lines, or at sites with very low initial lead levels. However,
replacement of faucets and end-use fittings may still be appropriate at sites without
lead service lines that may experience elevated lead levels, and at buildings and
schools that contain several end-use components that are dedicated primarily for
drinking water. In any case, at locations where faucets are replaced, follow-up
monitoring should take place to document the impact of replacement on tap lead
levels. This is an area where further research is needed.

Potential Impact of Lead Sources on LCR Compliance

A discussion of the impact that various lead sources (faucet, premise, service piping) may
have on LCR compliance are presented using information gathered from this study on lead
source contributions and the impact of replacement.

Site Specific. The impact of various lead sources (faucet, premise, lead service line)
on LCR compliance will be site specific and should be evaluated on a case-by-case
basis.

Premise Piping and Faucet Contributions. Lead measured from the first 125-mL
volume of water collected at the tap (i.e., the faucet and immediate connective piping)
at lead service line sites and at sites where a full lead service line replacement was
completed typically represented an average of 16 percent (range of 5 to 31 percent) of
the lead to the first-liter sample at the tap. The remaining volume of water contained
in the first liter (the second 875 mL) contributed an average of 84 percent of the lead
in the first liter sample (range of 69 to 95 percent).

Factors Affecting Lead Release and LCR Compliance. LCR compliance at a
particular site will be dependent on the water use patterns prior to stagnation, the flow
rate at the site, the surface area of lead exposed and the volume of water exposed, the
amount of lead present in the scales and the characteristics of the scales, and water
quality conditions.

Lead in Background Samples. At sites with lead service lines, fully flushed samples
may contain measurable lead due to uptake of lead as the water flows through the
system to the tap. Therefore, measurable lead may be present in the background
water at the start of the stagnation period for LCR sampling, further elevating lead
levels after stagnation.

Affect of Lead Service Lines on Lead Contributions from Other Sources. If a lead
service line is in place and lead levels measured at the tap are relatively high, then
lead derived from all sources (faucet, premise, service) may be elevated when
compared to sites without a lead service line in place, possibly due to ‘seeding’ of
lead from the lead service line. Removal of the service may reduce the contribution
of lead from these sources and improve first liter lead levels.
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Faucets

Sites with Low Lead Levels. If lead levels are initially low at sites with lead service
lines, then removal of the service will likely not substantially improve the first-liter
lead level and may cause increased lead levels in the short term. While eventual
removal and replacement of all lead sources in the system should be the ultimate goal,
the implementation of removal of publicly controlled sources such as lead service
lines at utilities where corrosion control has been optimized (and hence compliance
lead levels are low) may need to be managed carefully to minimize public exposure to
elevated lead levels that may result due to the disturbance.

Several conclusions related to faucets were drawn from this study based on historical
data, case studies, field sampling, and a study of six commercially available residential brass
kitchen faucets conducted at the Portland Water Bureau’s Water Quality Laboratory, as
described below.

Contribution to Total Mass. In general, the mass of lead derived from faucets
represented a small percentage of the total lead mass measured at the tap during
sequential sampling at sites with lead service lines.
Contribution to First Liter Sample. Faucets and immediate connective piping can
typically contribute from 5 to 31 percent of the lead in the first liter sample collected
at the tap for LCR compliance.
Faucet Variability. There are widespread variabilities within and between faucets
that are available for residential use, due to the variability in lead content of the alloys
used to manufacture faucet parts, the physical configuration of the faucet, and
manufacturing processes used to make the faucet. Therefore, duplicate faucets (same
manufacturer and model) may exhibit very different lead release characteristics even
when exposed to similar conditions.

Lead in Non-leaded Faucets. Non-leaded faucets may contain parts exposed to water

that are made of leaded brass alloys, and these parts may contribute to lead levels

measured in the water.

Pilot Study Conclusions. Several conclusions were drawn from the pilot study of

faucets completed at the Portland Water Bureau. These are listed below:

1. Lead release from faucets may increase over time and random high lead levels
can be measured after long periods of use, likely due to physical disturbance of
the existing scale and/or dezincification. These results would appear to contradict
the idea that lead release from faucets would be greatest when they are new, and
decrease with time.

2. Sampling at higher flow rates (up to 4 L/min) may result in higher lead
concentrations from faucets when compared to lower sample flow rates (1 L/min).

3. Particles lodged in the faucet aerators may or may not contain lead. Results from
the pilot study indicated that aerator particles did not contain lead, however this
could be because either all lead being released was in dissolved form, the aerator
captured lead particles but these particles subsequently dissolved and were
flushed from the faucet, or the interstitial spacing in the aerator was too large to
trap any released particles.
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4. Faucets are comprised of multiple parts that may have different lead contents and
lead release from faucets may originate from only one part of a faucet. Of the six
brass residential kitchen faucets tested at the Portland Water Bureau, lead release
was found to be localized to a specific 60 mL sub-volume within a given faucet.

5. Approximately half of the lead in a 6-hour stagnation sample may be released in
the first 30 minutes of the stagnation period.

6. Non-leaded faucets may release low levels of selenium (0.6 pg/L or less).

Meters

Conclusions related to lead release from meters were drawn from this study based on
historical data, case studies, and a study of six commercially available residential meters
conducted at the Seattle Public Utilities Water Quality Laboratory. These are presented below:

e Meter Contribution. Meters contribute a small mass of lead that will eventually
arrive at the tap, but dilution and mixing due to flowing conditions in the premise
system will likely obscure the ability to detect the slug of lead.

e Old Meters. Older water meters can contribute lead to the drinking water at
detectable levels, but significantly less than the action level of 15 pg/L. Older meters
were found to be minor contributors to the overall lead exposure at Seattle Public
Utilities due to the well-passivated surface that limited metal corrosion.

e New Meters. New leaded brass meters can release significant amounts of lead
initially.

e Non-leaded Meters. Non-leaded meters can release very low, but detectable, levels of
lead, bismuth, and selenium.

e Affect of Flow Rate. An increase in flow rate through the meters from 1 L/min to
4 L/min did not result in increased lead levels.

e Affect of Physical Disturbance. Physical disturbance to water meters, especially older
meters, can have a significant negative impact on developed corrosion scales and
release of lead.

Typical Lead Source Characteristics and Jurisdictional Issues

Results from a national survey were compared to information obtained in previous
surveys and historical literature to develop typical service line characteristics and jurisdictional
issues related to lead sources in the system. Major conclusions are listed below.

e The average total length of service lines (main to residence) reported was estimated to
be 55 feet for older areas, and 68 feet for newer areas of the distribution system. The
utility portion of the service averaged 25 feet in older areas and 27 feet in newer
areas.

e The majority of survey respondents indicated that the water main was located near the
curb, followed by off-set from the center of the street.

e Typical service line ownership extends from the main to the curb stop, and the vast
majority of utilities also own the meter.

e Property owners are generally responsible for replacement of their portion of the
service line.
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Specifications for installation of non-lead components are being implemented at
several utilities, and some have programs to replace lead containing components in
their system with non-leaded versions.

Scale Analyses

Conclusions related to the composition and characteristics of internal corrosion scales on
excavated lead based materials evaluated for this study are presented below:

Faucets and Meters

The primary lead release mechanism for new faucets and meters was dezincification,
as evidenced by the formation of a porous zinc-depleted layer on the internal surfaces
through which lead could diffuse or lead particulates could be detached.

The extent of scale coverage increases with increasing age of components and the rate
of dezincification may be inversely related to the amount of zinc in the material.
Higher zinc brasses, as evaluated in the meter study at the Seattle Public Utilities,
appeared to be more resistant to release of zinc, and hence lead.

Scale was chemically homogeneous and the composition can be different from the
cold water versus the hot water supply line.

Lead and Brass Pipe

It is hypothesized that the presence of high iron and manganese in the water may
cause releases of particulate lead from lead service lines as lead sorbed to iron and
manganese scales on the pipe wall is released. Further work is needed to confirm or
refute this hypothesis.

Lead compounds typical for the distributed water quality conditions at individual
locations were identified. For example, at locations where phosphate was used as a
corrosion inhibitor, the lead phosphate pyromorphite was identified.

Scales were relatively homogeneous along the length of the pipe or fitting, but for
lead pipes, consisted of several distinct layers. These layers were generally litharge
(PbO) at the pipe wall, then one of the lead carbonates, then a complex surface scale
with non-lead compounds of iron, manganese, calcium, or aluminum, plus plattnerite
or pyromorphite depending on the utility.

The composition of the surface scale layer impacts lead release, with more lead
released, possibly as particulates, from surface scale layers that contained more non-
lead elements.

Thicker scale development occurred at the lead service line/brass connection
interface.

Brass pipe scales were dominated by copper minerals, or in one case, manganese
oxides.
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CHAPTER 2
BACKGROUND INFORMATION AND RESEARCH SUMMARY

INTRODUCTION

This chapter presents a variety of background information related to lead in drinking
water, including 1) regulations, standards, and legal mechanisms in place for control of lead in
drinking water and lead in materials used in potable water systems; 2) the various sources of lead
and how they can potentially contribute to lead levels measured at the tap; 3) the effectiveness of
corrosion control treatment in reducing lead levels at the tap from both a US and UK perspective;
and 4) basic theory and understanding of the formation of scales on premise and distribution
materials, including the solubility of those scales, and how their chemistry affects lead levels
measured in water. The goal of presenting this information is to provide the reader and
practitioner with sufficient understanding of the history and inter-related chemical, physical,
material, and legal factors involved in controlling lead in drinking water.

In addition, this project collected a great deal of data and information related to utility
experiences with leaded materials, lead source contributions, affects of water quality on metals
release from leaded materials, and scale characteristics of excavated leaded sources. Detailed
discussions of these evaluations can be found on the CDROM accompanying this report, and a
summary of these results are presented in this chapter.

BACKGROUND
History and Background on Lead Control in Drinking Water and Plumbing Materials
Overview

The 1986 SDWA required the use of “lead-free” pipes, solders, pipe fittings or plumbing
fixtures used in the installation or repair of any public water system or any plumbing in
residential or non-residential facilities supplying water for human consumption. Plumbing
fittings and fixtures were not formally addressed in the 1986 Amendment and were required to
meet “voluntary standards.” The term “lead-free” was defined as pipe and brass components
containing less than 8 percent lead and solder less than 0.2 percent lead. The 1986 SDWA also
called upon the USEPA to develop a testing procedure to regulate the concentration of lead in the
water at the consumer’s tap.

The 1988 SDWA Amendments included the Lead Contamination Control Act (LCCA)
and were focused on lead contamination of school drinking water supplies. The LCCA required
USEPA to publish a guidance document on how to evaluate lead contamination in these supplies.
The LCCA also required that USEPA identify drinking water cooler brands with lead and non-
lead liners on drinking water coolers and that all lead-lined coolers be replaced. The USEPA
responded to this in 1989 with a recommended tap-sampling procedure that limited the
concentration of lead to 20 ppb in a 250-mL sample, collected after overnight stagnation in the
building piping. This was provided as guidance to school districts and was not mandated.

In 1991, the USEPA finalized the LCR in response to the 1986 SDWA, and this rule
regulated lead contamination at the consumer’s internal tap. The testing procedure specified in
the rule involved sampling the first 1 liter from the consumers tap after the water remained in the
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pipe overnight (minimum of 6 hours) and measuring the lead concentration. Utility action was
triggered when the fraction of the samples with more than 0.015 mg/L of lead was found to be
greater than 10 percent (action level). A more detailed description of the LCR can be found later
in this section.

The 1996 SDWA Amendments (1996 SDWA) finalized the current federal legislation on
lead in the public water supply. The 1996 SDWA expanded legislation to include plumbing
fittings and fixtures and required that the USEPA issue regulations setting a performance
standard that would establish lead release levels in fittings used for water intended for human
consumption within 2 years if voluntary standards were not implemented by the industry within
the first year. The term “lead free” for plumbing fittings and fixtures would be re-defined by this
performance standard. In 1997, the USEPA declared that NSF 61, Section 9 satisfied the 1996
SDWA requirement that a voluntary standard be established and that USEPA was not required to
issue regulations. As a result, endpoint devices (plumbing fixtures and fittings) that are NSF 61,
Section 9 certified are “lead free” by definition. Section 8 of NSF 61 is used to certify that in-
line devices are “lead free” while Section 9 is used for endpoint devices. Inline devices include
valves, meters, backflow prevention devices, pressure regulators, and connection devices such as
fittings, couplings, meter setters, corporation stops, and curb stops, whereas endpoint devices
include faucets, hot and cold water dispensers, drinking fountains, bubblers and water coolers,
and refrigerator ice makers. Plumbing products are generally regulated at the state or local level
through plumbing codes which are based on Model Plumbing Codes such as the Uniform
Plumbing Code (UPC), the National Standard Plumbing Code (NSPC), and standards by the
American Water Works Association (AWWA), and the American Society of Mechanical
Engineers (ASME), and American Society for Testing and Materials (ASTM). The UPC,
International Plumbing Code (IPC) and NSPC all reference NSF/ANSI Standard 61 for pipe,
fittings, and faucets but do not reference NSF/ANSI Standard 61 for in-line valves (AwwaRF
2007). Since individual states, counties, and cities determine the implementation of the
plumbing code for their jurisdiction, there can be variation in requirements and enforcement.

The 1996 SDWA made it unlawful for any person to introduce into commerce leaded
plumbing components, except for pipe that is used only for manufacturing or industrial
processing. The 1996 SDWA provided a 2-year grace period for manufacturers of leaded
components and by August 1998 manufacturers were required to comply. The following
sections present summaries of the Federal LCR, NSF Standard 61, and Proposition 65, the state
of California’s legislation which impacts materials used in potable water systems.

The Lead and Copper Rule

The USEPA’s 1991 LCR established maximum contaminant level goals (MCLG) and
action levels for lead in US potable waters (USEPA 1991a). The MCLG for lead is zero while
the action level (AL) is 0.015 mg/L measured in the 90th percentile of the samples. The MCLG
for copper is 1.3 mg/L while the AL is 1.3 mg/L measured in the 90th percentile of the samples.
The 1991 LCR also established sampling and monitoring procedures that US water systems are
required to follow. Subsequently, the USEPA made minor revisions and rule clarifications to
these sampling and monitoring requirements (USEPA 2000), and in 2007, published additional
revisions related to sample collection, treatment changes, customer awareness, and lead service
line removal programs.
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Sampling and Monitoring Requirements. Lead sampling. The number of lead sampling
sites that must be analyzed to comply with the LCR varies by the size of the population served
by the water system. Under standard monitoring procedures, samples must be taken twice every
6 months from consumers’ cold water kitchen taps after the water in the plumbing has
experienced a stagnation period of 6 hours minimum. However, a water system can apply for a
reduced number of monitoring sites and a lower sampling frequency if it maintains very low
levels of lead or meets stringent water quality specifications. The standard and reduced numbers
of sampling sites are listed in Table 2.1. The requirements for reduced monitoring are listed in
Table 2.2.

Sample collection and monitoring must occur at sites that have a high risk of lead levels
in the drinking water. To ensure this would happen, sites are assigned priorities for usage
depending on their characteristics (see Table 2.3). If there are not enough residences in the Tiers
to meet the sampling site requirements, the balance of the sampling sites will be at residences
that have plumbing that is representative of the system.

Table 2.1
Required sampling sites for lead and copper monitoring

Required number of sampling sites

Population served Standard Reduced
>100,000 100 50
50,001 - 100,000 60 30
10,001 - 50,000 60 30
3,301 - 10,000 40 20
501 - 3,300 20 10
101 -500 10 5
<100 5 5

Source: USEPA 1991a

Water quality parameters. In addition to monitoring for lead, water systems may also be
required to monitor the following water constituents and characteristics at every entry point into
the distribution system and at the high-risk sites within the distribution system:

° pH

e Alkalinity

e Calcium

e Conductivity (initial monitoring only)

e Temperature (initial monitoring only)

e Orthophosphate or silica (only if such corrosion inhibitors are used).

11

©2008 AwwaRF. ALL RIGHTS RESERVED



Table 2.2
Requirements for reduced lead monitoring

Reduced sampling

Water system requirements for reduced sampling frequency and

frequency sites

Annual A system of any size that meets Optimal Water Quality Parameter
(OWQP) specifications for 2 consecutive 6-month monitoring periods, or
Serves < 50,000 and measured lead and copper are less than their
respective action levels for 2 consecutive 6-month monitoring periods.

Triennially A system of any size that meets OWQP specifications for 3 consecutive

years of monitoring, or

a system of any size that has 90th percentile lead levels < 0.005 mg/L and
90th percentile copper levels < 0.65 mg/L for 2 consecutive 6-month
periods, or

a system of any that size that can demonstrate that the difference between
the 90th percentile lead level at the sample tap and the highest lead
concentration in its source water is <0.005 mg/L for 2 consecutive 6-
month periods, or

Serves < 50,000 and measured lead and copper are less than their
respective action levels for 3 consecutive years of monitoring.

Once every nine
years

Serves < 3,300, has 90th percentile lead levels < 0.005 mg/L, and the
system is free of lead lines, pipes, and soldered pipe joints; leaded brass
or bronze alloy fixtures; and plastic lines and pipes containing lead.

Notes: OWQP are specific ranges or minimums determined by states for each water quality parameter.
Source: USEPA 1991a, USEPA 2000

Table 2.3

Lead and Copper Rule compliance monitoring site tiers

Tier Description Note
Single-family residential houses with a
1 lead service line or with lead-soldered Water system must collect samples

from this tier.

plumbing that was installed after 1982.

Multi-family residences or other types
2 of building with the same plumbing
characteristics as Tier 1 houses.

Tier 2 residences are used only if a
water system does not have enough Tier
1 residences to meet the required
number of sampling sites.

Single-family residences with lead-
3 soldered copper plumbing installed
before 1983.

Tier 3 residences can only be used if a
water system does not have enough Tier
1 or 2 residences to meet the required
number of sampling sites.

Source: USEPA 1991a, USEPA 2000

The number of sampling sites required for monitoring these water quality parameters is
shown in Table 2.4. The standard sampling frequency is twice every 6 months for water systems
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with service populations >50,000 people and for smaller systems with lead levels at the sample
taps that exceed the action level.

Treatment Techniques. All systems serving >50,000 people are required to install
optimal corrosion control treatment. The only exceptions are 1) those systems that have
completed treatment steps prior to December 7, 1992 that are equivalent to those described in the
1991 LCR; and 2) those systems that can demonstrate that the difference between the 90th
percentile lead level at the sample tap and the highest lead concentration in its source water is
<0.005 mg/L for two consecutive 6-month periods. Water systems with service populations
< 50,000 are required to implement corrosion control treatment if lead or copper levels exceed
the action level.

Table 2.4
Required sampling sites for lead and copper rule water quality parameters

Required number of sampling sites™*

Population served Standard Reduced
>100,000 25 10
50,001 - 100,000 10 7
10,001 - 50,000 10 7
3,301 - 10,000 3 3
501 - 3,300 2 2
101 - 500 1 1
<100 1 1
Notes:

1 Sampling is required only for systems serving >50,000 people or systems serving <50,000 people that
have lead and/or copper levels in excess of the AL.

2 Number of sites for standard and reduced monitoring is in addition to every entry point to the distribution
system.

Source: USEPA 1991a, USEPA 2000

Systems exceeding the action level have 24 months to install a state-designated corrosion
control treatment process. After installation, the water system must conduct two consecutive
6-month periods of follow-up monitoring. The state will set the OWQPs for the following
parameters after these monitoring periods are completed:

e pH

e Alkalinity

e Calcium (if carbonate stabilization is used)

e Orthophosphate (if a phosphate-containing inhibitor is used)
e Silica (if a silica-containing inhibitor is used).

OWAQPs represent the conditions which water systems must maintain in the distribution
system in order to most effectively minimize lead levels at users’ taps. Systems operating their
treatment processes within their respective OWQPs are considered to be “optimized” with
respect to distribution system corrosion control.

In addition, these systems must also sample the source water(s) and make a
recommendation as to whether or not lead treatment is required. If the state requires, source
water treatment, in addition to the corrosion control treatment, must be installed within
24 months of the action level exceedence. Systems with service populations < 50,000 can stop
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the source water treatment if both lead and copper levels are below their respective action levels
for two consecutive 6-month monitoring periods.

For utilities that previously met the action levels for the LCR, but exceeded them in
future monitoring rounds, within 12 months after the end of the monitoring period during which
the action level was exceeded, the State may require them to perform corrosion control studies.
If no study is required, the State must specify optimal corrosion control treatment within
18 months for large and medium systems, and within 24 months for small systems. If a
corrosion control study is required, systems must complete the study within 18 months from the
time the state required the study, and the State must designate optimal corrosion control
treatment (OCCT) within 6 months after completion of the study. Optimal corrosion control
treatment must be installed within 24 months after the State designates OCCT, with follow-up
sampling within 36 months. The State must designate optimal water quality control parameters
within 6 months after follow-up sampling is completed and the system must operate in
compliance with the State-designated optimal water quality control parameters and continue to
conduct tap sampling as required.

Lead Service Line Replacement. Lead service line replacement is required if the system
has LSL and continues to have lead levels in excess of the action level after a corrosion control
and/or a source water treatment process has been installed. The USEPA-required schedule for
lead service line replacement is 7 percent of lead service lines per year, although individual states
can require an accelerated schedule. Lead service line replacement can be discontinued once the
lead levels at the taps are below the action level for two consecutive 6-month monitoring periods.

There are two types of lead service line replacements, partial and full. A water system
can monitor the lead levels in the lead service line to determine if it requires replacement. If lead
levels are < 0.015 mg/L, then the lead service line does not require replacement and counts as a
replaced line. A lead service line replacement will be required if the lead service line lead levels
are >0.015 mg/L.

Monitoring can stop once a full lead service line replacement is conducted. For a partial
lead service line replacement, a water sample representative of the water in the remaining portion
of the lead service line needs to be collected 72 hours after the replacement. The results of this
sample must be mailed to the building owner and residents (if different) within 3 days of receipt
of the results by the water system.

2007 Revisions to the LCR. The EPA reviewed the implementation of the LCR, to
determine if additional guidance or changes to the regulation might be needed. In March, 2005,
they announced a “Drinking Water Lead Reduction Plan’ to clarify specific areas of the rule and
associated guidance materials. There were four specific areas of the LCR that were reviewed
and included in a final rule published October 10, 2007 (USEPA 2007a). First, the revisions
clarified sample collection procedures relating to the number of samples that should be collected
and the number of sites that should be sampled. Secondly, it required utilities to gain approval
from their primacy agency for any changes in treatment or source water that could increase
corrosion of lead. Thirdly, utilities were required to provide lead level monitoring results to
homeowners, and finally, the revisions added a requirement that previously “tested-out” lead
service lines must be reconsidered if a utility is re-triggered into lead service line replacement.
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NSF/ANSI International Standard 61

In response to a competitive request for proposals from the USEPA, a Consortium led by
the NSF, agreed to develop voluntary third-party consensus standards and a certification program
for all direct and indirect drinking water additives. The Consortium consisted of AwwaRF, the
Association of State Drinking Water Administrators, the Conference of State Health and
Environmental Managers, and AWWA. The NSF/ANSI 61 standard (Drinking water system
components — Health effects) was developed through this process. This standard establishes
minimum requirements for the control of potentially adverse human health effects from products
that contact drinking water, and is intended for voluntary use by certifying organizations,
utilities, regulatory agencies, and/or manufacturers as a basis of providing assurances that
adequate health protection exists for covered products.

NSF/ANSI Standard 61, Section 9 relates to the amount of lead leached from a product.
The standard dos not specify the lead content in the product. Certification by NSF/ANSI 61
Section 9 is granted if components release less than 11 pg/L in the first liter of water drawn
under the conditions of the test specified in the standard (Q statistic). Section 8 describes a
different testing protocol for in-line devices and requires the materials release less than 15 ug/L.
Revision to NSF/ANSI 61 Section 9 were completed in 2007 (NSF 2007) which will effectively
increase the public health protection of the standard by reducing the Q statistic from 11 pg/L to 5
ug/L. This change will take effect in July 2012.

Proposition 65

In November 1986, the State of California passed the Safe Drinking Water and Toxic
Enforcement Act, commonly known as Proposition 65 (Prop 65). By definition, Prop 65
requires manufacturers to prove that ingredients in their products pose no significant risk of
causing cancer or reproductive toxicity. If not, manufacturers are required to include a warning
label on any product containing an ingredient “known to the state” to cause cancer or
reproductive toxicity. Based upon this Act, lawsuits have occurred that are further refining the
impacts of Prop 65 on the material suppliers to public water systems and some public water
agencies.

The first Prop 65 court case revealed the need for a new test to define “no lead”
components and prove that materials posed no significant health risk from lead according to Prop
65 legislation. “No-lead” defined components are permitted to be sold without being tagged in
accordance with Prop 65. The test that was developed is based on NSF 61 Sections 8 and 9 using
a “representative” water for California. As a result of this first Prop 65 settlement,
manufacturers are required to tag plumbing and service components that release more than
0.5 ng/d for each person using water that comes through them. It is assumed that an average
person consumes 2 L/d, resulting in a maximum concentration of 0.25 ug/L, much lower than the
11 pg/L allowed by the SDWA through NSF 61. These increased restrictions on lead release are
creating a market of “no-lead” components that are capable of meeting these much stricter
standards for lead.

Government agencies are officially exempt from Prop 65 lawsuits. However, the legal
distinction between government, public, and private agencies seems vague because lawsuit cases
have been expanded to include some public agencies (Los Angeles Department of Water and
Power, San Francisco Public Utility Commission, East Bay Municipal Utility District, etc.). As
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a result of pressure from Prop 65, some public agencies have begun to adopt a *“no-lead”
program. These agencies are replacing “lead-free” (8 percent lead or less) components
(particularly water meters) with “no-lead” components as a preventative measure. Some
agencies also offer rebates to the public to encourage “no-lead” faucets and fixtures be purchased
to replace current “lead-free” parts. As a result of Prop 65 settlements, monies have been made
available to support these programs and the increased costs associated with “no-lead”
components, compared to “lead-free” components, are paid for with some of these monies.

The impact of Prop 65 on California plumbing suppliers has been lawsuits and
settlements. The settlements resulting from Prop 65 are encouraging the development of “no-
lead” components and manufacturers that do not produce “no-lead” alternatives are incurring
fines for the distribution of “lead-free” components for public water supplies in California. As
time progresses, the penalties that manufacturers incur for distributing “lead-free” components
are increasing and the sale of some “lead-free” components has been defined as illegal when the
manufacturer has successfully developed “no-lead” components as defined in specific
settlements. These penalties for the sale of “lead-free” components and the funds made available
to encourage the development of “no-lead” components are changing the available market for
those involved with maintaining or establishing public water systems.

No Lead Brass

The original 1986 SDWA specification, limiting the lead content in brass to 8 percent had
little or essentially no impact on the lead content of brass fittings as the two most common alloys
used for these fittings (ASTM 36600 and ASTM 34400) contain 7 percent and 5 percent lead
respectively. The implementation of Standard 61 and Prop 65 suits have had a major impact on
the lead in brass fittings. Materials suppliers have now developed a number of alloys that are
either completely devoid of lead or contain extremely low lead levels (< 0.25 percent) and brass
faucets, meters and fittings made of these materials are now on the market (e.g. Envirobrass and
Federalloy).

Lead Sources in Distribution and Premise Piping
Primary sources of lead that can contribute to lead levels measured at the tap include:

e Lead service lines and leaded goosenecks (pigtails)
e In-line components (i.e. meters, valves, fittings) made of brass or bronze
e Internal (premise) piping, which includes lead solder used to join copper pipes,
galvanized piping, and faucets and fittings made from brass or bronze.
Figure 2.1 displays a schematic of a typical residence, with these potential lead sources
shown. Background on each of these primary lead sources is presented in the following sections.

Lead Service Lines

The typical service line consists of a service pipe extending from the water main to the
building, with the length from the main to the curb stop or property boundary usually owned by
the utility, and the length from the curb stop or property boundary to the building owned by the
property owner (see Figure 2.1). Historical surveys have indicated that the typical total length of
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service lines is approximately 60 — 67 ft (18.3 — 20.4 m) with a utility jurisdiction of 20 - 27 ft
(6 — 8.2 m) (Roy F Weston and EES 1990; AwwaRF 1994), however the range of lengths can
vary depending on whether the service is located in an urban or suburban area. Urban locations
will generally have shorter service line lengths and suburban areas will have longer lengths.

Internal
plumbing

Isolation

Curb
'uralvg

stop Sidewalk
Street prrrrrern

Communication —,

pipe
. Water
\ishor Supply pipe meter
main : '1| (service branch)
Gooseneck or pigtail ~ Alternate position of
water meter

Figure 2.1 Typical premise plumbing configuration

Lead service lines have been shown to be significant contributors to lead in water
(Schock 1989; Schock 1990; USEPA 1991a). The length and diameter of the lead service line is
one factor that can affect lead levels measured at the tap, in addition to corrosivity of the water,
other sources of lead in the system, and other site specific water use and hydraulic patterns.
Longer lengths may result in higher lead levels, and smaller diameter service lines have a greater
ratio of pipe surface to water volume which can result in higher lead levels. Replacing lead
service lines will remove what could be a potentially large contributor to lead levels measured at
the tap. Mechanical disturbances due to partial replacement of lead piping have been shown to
elevate lead levels (Britton and Richards 1981; Breach et al. 1991; Hulsmann 1990; AwwaRF
1990; Wysock et al. 1991; Wysock et al. 1995; Boyd et al. 2004). These studies indicate that
elevated lead levels and/or intermittent high lead level spikes may occur in water at the tap for a
period of time following a partial replacement, and that it may take from several days to several
months for lead levels to stabilize in lead piping that has been disturbed. Typical open trenching
and cutting methods used to replace service piping can cause this disruption by vibrating or
striking the pipe.

There has been little published field verification of the level and extent of elevated lead
concentrations at the tap following partial lead service line replacement. Studies at the Greater
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Cincinnati Water Works have shed some light on the effects of partial lead service line as
experienced at residences in their system (DeMarco 2004; USEPA 2004). In one of these
studies, very high lead was found following a partial replacement with subsequent sampling after
9 months finding the lead levels back down. Many times, flushing of the plumbing system
decreased the lead levels. Lead spikes were measured in another Cincinnati study after partial
lead service line changeovers. The spikes in lead concentration typically lasted between 1 to 4
weeks. But even after 1 year of sampling, no clear benefit was seen to partial line replacements
over keeping the complete line in place.

In-Line Components

In-line components include mechanical devices such as valves, meters, backflow
prevention devices, pressure regulators, and pump components, and connection devices such as
fittings, couplings, meter setters, corporation stops, and curb stops that are used in the
transmission and distribution of drinking water. These components, or their parts, are generally
manufactured using some type of copper alloy material that contains lead as an alloying element.
Copper alloys (brass and bronze) are typically used for in-line components. Brasses are alloys of
copper and zinc, with the percentage of zinc generally ranging from 5 to 40 percent. As
described previously, there are also in-line components available that are made using alloys with
no lead added, i.e. that contain less than .25 percent lead. Typical leaded brass used in the
manufacture on in-line components contain between 1.5 and 8 percent lead.

The capacity for typical brass alloys to release lead has been historically established
(Samuels and Meranger 1984; Neff et al. 1987; Schock and Neff 1988; Gardels and Sorg 1989;
Paige and Covino 1992; Lytle and Schock 1996; Kimbrough 2001). Lytle and Schock (1996)
cited studies by Nielson (1975 and 1983) where lead released into water from water meters and
meter fittings composed of brass, and main and stop valves composed of gunmetal, a copper
alloy containing 5 percent lead. They also cited results from Birden, et al. (1985) where lead
released from a copper pipe loop system that used no lead parts other than brass compression
fittings.

Several internal studies of lead release from in-line components have been completed by
the Environmental Quality Institute (EQI) at the University of North Carolina, Asheville (Maas
et al.. 1997; Maas and Patch 1999). These studies evaluated metals release from a variety of
water meters, valves, meters stops, couplings, meter setters, and elbows using an exposure water
of pH 8.0, alkalinity of 100 mg/L as CaCOg, and a chlorine residual of 1 mg/L. The procedure
used to evaluate lead release was similar to NSF Standard 61, Section 9 (NSF 2001), with the
exception that the parts were plumbed into a pressurized PVC manifold rather that filled and
dumped. The volumes of water held in these components ranged from 6.5 mL for a compression
elbow fitting to almost 680 mL for an angle meter valve. Results indicated that lead did release
from these components under the testing protocol used, and that component parts made from
higher lead content alloys released higher lead levels than component parts made from lower
lead content alloys. Lead levels declined to approximately one half of initial levels after several
weeks, and stabilized after 5 months.

The majority of metals release research for alloys that are used to manufacture in-line
components has focused on dezincification, the preferential removal of zinc from the alloy
(AwwaRF and DVGW 1996). The higher the zinc content of the alloy, the greater the potential
for dezincification. Researchers have theorized that dezincification of zinc-containing alloys
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may result in more surface area of lead exposed to water, and therefore increase the potential for
lead dissolution (USEPA 1993).

There is little peer-reviewed research addressing metals release from actual in-line
components installed in drinking water systems, or the contribution that these components may
make towards 1-liter standing samples collected at the tap as per the LCR. While in-line
components may release lead into the water that will eventually arrive at the tap, the small
amount of lead released, and the longitudinal dispersion which occurs as the water flows in the
pipe, normally make it difficult to identify this source in the water that arrives at the tap, unless
there are no other sources of lead.

Premise Piping

Premise piping and plumbing fixtures in residences and buildings typically consist of
interior piping (usually copper or galvanized pipe), the solder used to join that piping, and
faucets and fittings used to dispense water to the customer. Prior to the promulgation of the LCR
in 1991, lead solder and flux used to join copper premise piping, and faucets and fittings
comprised of brass were shown to be major sources of lead in tap water (Samuels and Meranger
1984; Schock and Neff 1988; Gardels and Sorg 1989; AwwaRF 1990; USEPA 1991a). To
control these sources, solder and flux made of lead containing more than 0.2 percent lead were
banned by the 1986 amendments to the SDWA. In addition, the LCR required that faucets and
“fixtures’ be “lead free”, which was defined as containing not more than 8 percent lead.
Beginning with the 1996 amendment, in addition to containing no more than 8 percent lead, they
are required to meet a standard for lead free plumbing, fittings and fixtures established in
Section 9 of NSF Standard 61 (Federal Register Notice 1997; NSF 2001). Therefore interior
faucets and fixtures must meet both the 8 percent lead content requirement as well as the
leachability standards established by NSF 61, Section 9 to be considered ‘lead free’.

Galvanized pipe is zinc coated steel pipe that may contain up to 1.4 percent lead,
although the piping commonly used in the US has a lead content of 0.10 percent or less
(AwwaRF 1989). Although galvanized pipe has generally been replaced with copper or PVC for
use in home plumbing, it could be a source of lead at locations where it is still in use. The
brasses most commonly used for household faucets and fittings include red, semi-red, and yellow
brasses that contain about 1.5 to 7.5 percent lead (AwwaRF 1990, Lytle and Schock 1996).
Kimbrough (2001) cited a source (Lovell et al. 1978) that found most brasses used in fixtures
were made using yellow brass with either 30 or 40 percent zinc content. Faucets made from
these alloys may still contribute to lead levels measured at the tap as per the LCR.

Lead release from leaded solder is highest with new (fresh) solder, but will decline over
time (Oliphant 1983; USEPA 1991a). The contribution of lead soldered joints to lead levels at
the tap is dependent on the number of joints, the age of the solder, the workmanship of the
soldering, the volume of water exposed to the soldered joints, stagnation time, and water quality
conditions. However, with the ban on use of leaded solder, the remaining major sources of lead
in premise plumbing systems are likely fittings and faucets that can contain up to 8 percent lead.
Lead release from galvanized pipe has also been documented (Seattle Water Quality Metals
Committee 1974; Kennedy Engineers 1976).

With respect to faucets and fixtures, studies have shown that lead is released both from
different copper based alloys typically used to make faucets (Lytle and Schock 1996) and from
commercially available faucets evaluated in pipe rig and field settings (Neff et al 1987; Paige
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and Covino 1992; Schock and Neff 1988; Gardels and Sorg 1989). Lytle and Schock (1996)
evaluated metals release from six different brass coupons under different water quality
conditions. The highest lead levels released from these brass coupons occurred during the first
2 weeks of exposure to the water. Generally, the alloys with higher lead content released more
lead. At pH 8.5, the lead concentrations stabilized after 60 to 70 days and at pH 7.0, the lead
levels were still decreasing slightly at the end of the test run (155 days). Orthophosphate
reduced the time required for lead levels to stabilize and a higher orthophosphate dosage (3 mg/L
as PO,) caused lead levels to drop and stabilize more rapidly than lower dosages (0.5 mg/L as
PO,). Gardels and Sorg (1989) mounted twelve different faucets upright to a manifold system
and conducted metals release tests using distilled water and Cincinnati tap water. The higher
lead levels were from faucets made with all cast brass interiors that were exposed to the more
corrosive distilled water.

The Portland Water Bureau, as part of their corrosion control testing program,
incorporated brass blocks into the pilot-scale testing apparatus. A cast red brass block (4-inch x
4-inch x 24-inch with six % —inch ID holes drilled lengthwise) was utilized that contained
approximately 3 percent lead, to represent materials typically used in home faucets and fittings.
Lead levels were measured from the brass block after an 8-hour stagnation period under various
water quality conditions. After stabilization, the range of lead release from the brass blocks was
between 4 and 34 pg/L depending on the water quality being tested (Montgomery Watson and
EES 1994). The lead results from the brass block were statistically similar to tap lead levels
measured for regulatory compliance (AwwaRF 2004).

The contribution of the faucet to lead levels measured at the tap per the LCR will depend
on the lead content of the brass, the volume of water in contact with the faucet, the physical
configuration of the faucet and how it was manufactured, the quality of the water it is exposed to,
and flow conditions. The volume of water in contact with the faucet will vary depending on the
faucet model. Gardels and Sorg (1989) found that the volume of water exposed to the typical
kitchen faucets they evaluated ranged from 56 mL to 135 mL. They suggest that samples no
larger than 100 — 125 mL be collected when evaluating the amount of lead release from a
household faucet. Gardels and Sorg (1989) estimated that as much as 75 percent of the lead
released from common kitchen faucets was collected in the first 125 mL of water collected from
the faucet. More than 95 percent of the lead released was in the first 200 to 250 mLs of water
from the faucet. Based on monitoring surveys conducted by the American Water Works Service
Company, it was estimated that brass faucet fixtures contributed 33 percent of the lead in first-
draw, 1-liter samples collected at the tap (AWWSCo 1989). The Portland Water Bureau
replaced kitchen faucets in 17 homes with non-metallic faucets to evaluate the effect that faucet
replacement could have on lead levels in standing tap samples. Reductions in lead levels at the
tap were greater than 30 percent in over half the homes (EES 1995).

Corrosion Treatment Techniques and Effectiveness

Lead in treated drinking water is extremely rare. Lead measured at consumers’ taps is
primarily the result of corrosion of lead containing materials used in drinking water transmission,
distribution, and premise piping systems. Corrosion treatment techniques have been applied by
water utilities to reduce the corrosivity of their water to these materials and therefore reduce lead
levels at the tap. One of the goals of this project was to develop criteria and guidance to assist
utilities in making decisions about the effectiveness of lead source replacement versus corrosion
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treatment. In order to meet this goal, current understanding of the effectiveness of corrosion
treatments was evaluated. The following section summarizes the implementation and
effectiveness of corrosion treatment techniques used in the United States, and provides a more
detailed examination of the status of corrosion treatment approaches and effectiveness in the
United Kingdom, where there is extensive use of phosphate inhibitor chemicals.

United States Experience

The LCR and its associated guidance manuals established a process utilities could use to
evaluate corrosion treatment alternatives. For large utilities (serving more than 50,000), this
involved completing a corrosion control study that evaluated the following treatments:

e Alkalinity and pH adjustment

e Calcium hardness adjustment

e Addition of phosphate or silica based inhibitors.

The evaluation was followed by recommendations to the state of optimal treatment for
their system. Since promulgation of the LCR, guidance was developed for utilities to evaluate
these treatments. Because of the complexities of corrosion control treatment, evaluations were to
be completed on a case-by case basis. Specific pH and alkalinity levels were not recommended,
but information on the theoretical solubility of lead was provided to help utilities estimate
reductions that might be observed in tap lead levels under various pH and dissolved inorganic
carbonate levels (USEPA 1992). Within the pH range of 5 to 10, increasing pH should generally
reduce lead levels. Waters with pHs greater than 7.8 and alkalinities between 30 and 100 mg
CaCO3/L would generally be considered non-corrosive with respect to lead and maintaining a
stable pH in the distribution system was emphasized (USEPA 2003). For water systems using
orthophosphate, it was recommend that a residual of at least 0.5 to 1.0 mg/L orthophosphate as
phosphorus be maintained in the distribution system along with a pH within the range of 7.2
to7.8 (USEPA 2003).

A comprehensive review of which corrosion treatment approaches have been applied
throughout the US since implementation of the treatment requirements of the LCR, and the
effectiveness of specific treatment approaches has not been conducted. Since 2002, the states
have been required to report 90th percentile lead concentrations to USEPA for water systems
serving more than 3,300. The USEPA recently reviewed this data from medium and large water
systems throughout the US (i.e., utilities serving more than 3300 people). Table 2.5 displays a
summary of this data from monitoring rounds completed in 2003 and 2004 (USEPA 2005a).
More than 96 percent of the utilities that serve more than 3,300 people had 90th percentile lead
levels that were below the lead action level. The USEPA also reviewed monitoring results from
several large water systems that had conducted monitoring in 1992 and/or 1993 and compared
that data to results from the most recent monitoring completed by those utilities (USEPA 2005b).
Of 166 systems that exceeded the lead action level in 1992/1993, only 15 systems exceeded the
action level in their most recent monitoring period. This data does not include information on
the optimal corrosion control approach utilized. It could be corrosion control treatment, lead
service line replacement or a combination of the two. Therefore, while these reviews do not
provide information about the effectiveness of a particular treatment approach in reducing lead
and copper levels at the tap, they do identify overall reductions in 90th percentile lead levels
throughout the US due to implementation of the LCR.
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Table 2.5
Medium and large public water systems exceeding the action level since 2003
(summary from SDWIS/FED data as of January 27, 2005)

Systems Over Action Level since 2003* Medium Large Total
Number of Systems Over the Action Level 97 14 111
Total Number of Systems with monitoring
results since 2003 3114 438 3,552
Percent of Systems with results over AL 3.1% 3.20 3.1%

* Includes sampling rounds concluding in 2003 and 2004

United Kingdom Experience

In 1998 the European Drinking Water Directive specified quality standards for lead in
drinking water supplies. These standards were comprised of an interim standard for lead of
250/l to be achieved by December 25, 2003 and a final standard for lead of 10ug/L to be
achieved by December 25, 2013. These standards apply to a sample of water from the
consumer's tap that is representative of a weekly average value ingested by consumers. In the
UK water quality is also regulated by the Drinking Water Inspectorate (DWI) who may take
appropriate action if drinking water is considered unfit for human consumption. To enable water
companies to meet the stringent quality standards for lead the DWI has put in place a regulatory
framework of work for plumbosolvency treatment and control and continues to issue guidelines
(through information letters) to water companies, generally through government legislation, to
enable them to incorporate programs of work into business strategy.

Sources of Lead in the United Kingdom. In the UK water entering drinking water
supply systems generally contains insignificant levels of lead. The main source of lead in
domestic properties is from lead service line pipes. The second major source of lead is from
lead-solder. Traditionally solders in European domestic plumbing systems have contained 50 to
60 percent lead. However the use of lead solder in potable water systems has been prohibited
since the 1970s. In the UK there may be as many as 10 million properties affected by pipe-work
either through lead service lines or internal plumbing. Water companies own the part of the
service from the water main in the street up to the stopcock at the boundary of the property.
Beyond this point the owner of the property is responsible for its condition and maintenance.
The communication pipe is referred to as the pipe from the main to the customer’s boundary
while the supply pipe is the pipe from the outlet of the external stop tap up to and including the
internal stop tap but not including internal plumbing (Figure 2.2).

Plumbosolvency Control in the UK Plumbosolvency control is a general term used to
describe treatment processes to reduce lead concentrations at the customers tap. These processes
to control lead levels at customer’s taps can be achieved through treatment to reduce the
dissolution of lead, through re-lining of lead pipes or by replacing lead-containing materials. In
the UK, the following plumbosolvency control processes are used:
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pH control (7.2-7.8)

Alkalinity

Orthophosphate dosing (0.5-1.7mg/L as P or 1.5-4.6 mg/L as PO,)
Lead pipe replacement

Figure 2.2. Diagram showing typical UK piping configuration

In some cases a combination of approaches may be necessary. Compliance, in particular
with the 10pg/L standard, may require some lead pipe replacement. However in the UK it is
considered important that reductions in plumbosolvency by chemical treatment are maximized
before lead pipe replacement is undertaken. The cost of replacing lead pipes is considerable (an
estimate of £8 billion pounds [$15 billion USD] for all UK pipes) and it is thought that any
expenditure by utilities to replace only their part of the service pipe may have limited benefits. It
is anticipated that significant reduction of lead at some customer’s taps may only be achieved by
replacing all lead fittings at customer’s properties. Table 2.6 outlines the number of samples,
taken at customer’s taps that were non-compliant with 10 ug Pb/L in 2002.

The preferred treatment process within the UK is addition of phosphate as
orthophosphoric acid at the treatment works. The target concentration is usually between
1-2mg/L as P (3.1-6.1 mg/L as PO,). To ensure the correct dose is applied, on line
orthophosphate monitors are installed at many treatment works while at others, companies rely
on grab samples. Infrequent grab sampling is considered inadequate to ensure correct dose.
Once the target dose is achieved, it is important to maintain the effective dose throughout the
distribution system. The process of orthophosphate dosing leads to the deposition of a highly
insoluble lead phosphate deposit on the surface of lead pipes and thus inhibits lead dissolution.
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Table 2.6
Percent non-compliance in 2002 from a number of water companies in the UK

Company No of Tests No of failures % Failure rate
1 39 12 30.77
2 7 2 28.57
3 721 87 12.07
4 4661 419 8.99
5 1415 118 8.34
6 517 32 6.19
7 502 29 5.78
8 274 15 5.47
9 1716 81 4.72
10 2781 77 2.77
11 1023 25 2.44
12 213 5 2.35
13 517 12 2.32
14 980 22 2.24
15 1578 35 2.22
16 143 3 2.10
17 481 10 2.08
18 841 10 1.19
19 1706 0 0.00

There are a number of additional factors which effect the concentration of lead dissolving
from lead pipes into drinking water. These include the chemical nature of the water, retention
time, properties and chemistry of lead pipe, level of oxidant in water, pH, dissolved inorganic
material, alkalinity, temperature, size of pipe and age, type of materials and corrosive properties
of the water supply. In general soft, acidic waters that are high in dissolved oxygen are more
corrosive and will lead to higher levels of dissolved lead. Several studies have demonstrated that
the response time for lead reduction after phosphate dosing will vary. The reduction in lead will
be proportional to the orthophosphate concentration and many months of dosing may be
necessary to ensure that very old and scaled surfaces are adequately protected with a lead
phosphate film. Although this may take as long as 36 months, some reduction in lead at the
customers tap should be seen within the first 6 months.

In the UK, the DWI provided a model framework from which individual companies
could