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FOREWORD

This report presents the results of a workshop which addressed the issue of risks to
water quality while it is in a distribution system. The workshop was organized by
the National Water Research Institute in collaboration with the U. S. Environmen-
tal Protection Agency’s Environmental Criteria and Assessment Office in Cincin-
nati (ECAO-Cin).

Twenty-six participants from the federal government, water utilities, industry, the
research community, and professional associations attended the workshop which
was held in the Arnold and Mabel Beckman Center of the National Academies of
Science and Engineering. The Beckman Center is located immediately adjacent to
the campus of the University of California at Irvine.

The priority problems presented in this report were generated by the participants.
These are their words, written in response to the workshop question which was
What research is needed to reduce risks to water quality in drinking water distribution
systems?

The responses to that question are presented in this report in the order of impor-
tance attached to each by the participants. The report is organized into three
sections. The first is an introductory section which describes how the workshop
was conducted and provides a preliminary analysis of the results. The second part
presents each of the ninety one responses to the workshop question grouped under
39 major headings which appear in the table of contents. The third part of this
report comprises appendices which contain a more detailed analysis of the ranking
of research problems by the participants, including an analysis of five sub-groups of
participants.

We want to acknowledge the insightful and substantial contributions made to this
workshop by the participants themselves. The staff of the Beckman Center pro-
vided excellent accommodations and support. The workshop staff also deserves
our thanks, including Lucy Bravo, Sunny Bathanti, Michael Abrams, word proces-
sors; Joseph Pezely, graphics; Greg Leslie, graphics assistant; Patricia Linsky, coordi-
nator and editor; and Teresa Taylor, photographer.

Ronald B. Linsky

Executive Director

National Water Research Institute
Workshop Secretary

William S. Gaither
Gaither & Associates
Workshop Chair
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W ORKSHOP ORGANIZATION

Preparations

Planning for this workshop began in 1993 when the Executive Director of the
National Water Research Institute (NWRI) began discussions with the Director of
the Environmental Criteria and Assessment Office of the U.S. Environmental
Protection Agency (EPA) concerning the possibility of developing a joint venture
partnership to identify and support research addressing risk reduction in drinking
water distribution systems.

Following the execution of a memorandum of agreement, the organizations began
to plan a workshop that would address the issues of risk reduction in drinking
water systems. In the winter of 1993, a group of nationally-recognized experts
were identified and invited. When acceptances were received, materials describing
workshop procedures and preparations needed were sent out with a confirming
letter (See Appendix H). Also included in this mailing were copies of the working
forms to be used at the workshop. Each participant was asked to arrive with some
homework done and several problems written out which they would present.

Participants arrived on Saturday afternoon, February 26, and on Sunday the 27th
toured Water Factory 21 operated by the Orange County Water District and the
supporting research laboratories. In the evening participants assembled at the
Arnold and Mabel Beckman Conference Center, the west coast “home” of the
National Academies of Sciences and Engineering, located adjacent to the campus of
the University of California at Irvine. Following a social period, registration, and
dinner, the participants took their designated places in the workroom. Dr. Terry
Harvey, Director of the Office of Research of the USEPA, delivered an opening
address, outlining his vision of the significance of the problems the group had
gathered to address.

Next, the workshop chair explained the procedures to be followed during the
workshop the following day and answered questions. Participants were encour-
aged to return to their quarters and complete any unfinished homework.

Agenda

Breakfast was served at the Beckman Center at 7:00 a.m. and the workshop began
promptly at 8:00 a.m. The process followed was a modified version of the Nominal
Group Technique developed by Professor Andre Delbecq and his colleagues at the
University of Wisconsin in the decade of the 1960s {Ref. 1). The day was divided
into three phases:



¢ 8:00-12:00 NOON Identification and Posting of Research Problems

® 12:00 NOON Lunch

® 12:45-4:15PM. Comnsolidation of Problems into Coherent Groups
® 4:15-4:30 PM. Ranking of Top Ten Problems in Priority Order
® 4:30 PM. Adjournment

Beginning at approximately 9:30 a.m. and continuing throughout the day, authors
were provided typewritten drafts of the problems they proposed and were asked to
edit and approve the text.

Problem Identification and Ranking

The participants were seated in alphabetical order starting in the front row right
facing the lectern. The participant whose sur name came latest in the alphabet was
seated in the back row right facing the lectern.

Each participant, in turn, was invited to the lectern to present his or her highest
priority response to the workshop problem which was posted on the front wall of
the workroom. Three minutes were allowed for each presentation, timed by the
chair with a digital display alarm clock located in front of the speaker. Some pre-
senters used overhead graphics which are included in their text. Each speaker was
responsible to provide camera-ready graphics when they required it in their text.

At the conclusion of each presentation, the speaker was asked by the secretary to
repeat the title. If it represented clearly the ideas outlined in the oral presentation,
the secretary accepted it without comment. If, in the secretary’s opinion, the
problem title did not represent what the presenters had just said, a modified title
was proposed by the workshop secretary. This title could be accepted or rejected
by the presenter. Questions of clarification were allowed from the other partici-
pants. Neither challenges nor suggestions to modify the thrust of the oral presenta-
tion were allowed by the chair. If a participant had in mind a variation on what
was proposed, the chair encouraged her or him to write that up as a problem and
present it as a discrete idea. '

At the conclusion of each three minute (or less) presentation, the agreed upon title
was lettered by the secretary on a 3” x 5” card, numbered, the originator’s name
noted, and the card was handed to the graphics person. The title was then quickly
lettered on a 35” by 22” sheet of paper and posted neatly on the wall of the work-
room. The lettering was of sufficient size that the most distant participant could
read it with ease.

The Problem Identification Form (See Appendix I) on which the originator had
prepared a detailed write-up, was assigned its number and delivered to the word
processing room where it was typed in the format of this report. A draft was
returned to the originator in the workroom for editing. All problems were edited
at least once by the originators before they departed at the 4:30 p.m. adjournment
time.



Consolidation

After all problems were posted on the workroom wall, the process of consolidation
was started. The idea was to group the problems presented into larger ideas so that
when the priority ranking phase was reached at the end of the session, participants
would have no major ideas presented in duplicated or triplicate. Rather, all major
ideas would be clearly separated with a cluster of related ideas grouped under one
overarching title.

Obviously there are many ways in which a set of over 90 ideas can be grouped.
The goal, as explained by the chair, was to strike a balance between subsuming too
many titles under one heading and “burying” important ideas, and keeping each
idea as a discrete title at the risk of confusing the rankers with too many similar
options to vote for. Usually, the consolidation phase goal is to reduce the total
number of ideas remaining on the workroom wall to 25 to 30 percent of the total
number proposed. In the case of this workshop, 91 ideas were merged into 39
consolidated ideas, or approximately 43 percent of the original number.

This is the stage of the NGT process when considerable debate and discussion take
place. To facilitate the process, each participant who originated a problem was
asked to maintain a Consolidation Worksheet (See Appendix J) throughout the
problem identification phase. When a similar problem was presented, the origina-
tor was responsible for noting its number cn the worksheet. The workshop chair
had alerted each originator at the start of the session that they would be called on
in the consolidation phase to lead the discussion of how they would propose to
group their problem with other problems.

Each problem originator was assured by the chair that they would retain the abso-
lute right to either merge their problem into a group of similar problems, or to ask
that their problem stand alone. Similarly, each originator was assured that they
retained the absolute right to title their problem in the way they thought to be most
accurate and to edit their text the same way.

Whenever problems were subsumed under a new group title, the texts of all prob-
lems included under that overarching title were included in their entirety in this
final report.

Ranking

The final step in the process was to ask each participant to rank the top ten prob-
lems remaining on the workroom wall in descending order of priority as they saw
them being responsive to the workshop question. A sample copy of the Ranking
Sheet used is included as Appendix K. The results of these individual ranking
sheets established an order of importance of the 39 problem titles left on the work-
room wall following the consolidation step. That order is the order in which the
body of this report is organized.



Text Approval

As noted earlier, as soon as prepared text was entered into the word processors, a
draft was returned to the originator for further editing. Some originators made
continued improvements and required several drafts before they were satisfied.
With each participant’s approval in hand at adjournment time, it was possible

begin immediately to prepare this report.




PRELIMINARY ANALYSIS OF RESULTS

The results of this workshop were analyzed to determine what differences in
priorities existed among five sub-groups of participants. This was done by taking
the data from the Ranking Sheets (Appendix K) and compiling with members of
the same group. The subgroups into which the participants were divided were (1)
professional associations; (2) federal, (3) industry, (4) the research communities;
and, (5) water utilities. No category could contain only one individual or the
confidentiality of the ranking process would be compromised. Fortunately, the
smallest group in this workshop contained four individuals and the largest group
contained nine.

Listed below are tables which give abbreviated titles of the top ten priorities as
established by the five subgroups listed above. The first table gives the ranking of
all participants and is in the same order as the table of contents. Subsequent tables
represent the priorities of a particular subgroup.

In Appendices B, C, D, E, F, and G, the complete rankings are given by each group.
In those appendices three other items of information are given, including the
number of times picked, the total points received, and the strength of feeling ex-
pressed as a percentage. A more complete explanation of these data, and how they
are comptited, is given in Appendix A of this report.



Top Ten Problems Ranked by All Participants (26)

1.

2.

10.

Understand Importance of Biofilm Development and Microbial Interactions
on Beneficial, etc.

Assessment of Health Risks from Drinking Water: Emergent Disease,
Chemical, ete.

Epidemiological Studies to Determine the Role of the Distribution System
(& Regrowth), etc.

Improving Storage Tank and Reservoir Design and Operations for Effective
Maintenance, etc.

Treatments to Control Bacterial Regrowth in Drinking Water

Define Risk of Bacterial Disease in Non-disinfected Distribution Systems
vs. Systems, etc.

A Standard Simulated Distribution System: Providing a Toeol for Scientific
Study, etc.

Re-evaluation of Microbial Indicators Used to Determine Potable Water
Quality, etc.

Influence of Water Distribution Systems’ Conditions on Survival/Growth
and Virulence, etc.

Develop and Evaluate Rapid, Simple, and Specific Methods for Enumerating
Viable Bacteria, etc.

Top Ten Problems Ranked by Professional Association Participants (4)

1.

2.

e

10.

Epidemiological Studies to Determine the Role of the Distribution System
(& Regrowth), etc.

Virulence of Pathogens and Opportunistic Pathogens Found in Biofilms of
Distribution, etc.

Understand Importance of Biofilm Development and Microbial Interactions
on Beneficial, etc.

A Field Study on Degradation of Water Quality Due to Chemical Leaching,
Corrosion, etc.

Define Risk of Bacterial Disease in Non-disinfected Distribution Systems
vs. Systems, etc.

Assessment of Health Risks from Drinking Water: Emergent Disease,
Chemical Exposures,etc.

Permeability of Pipe and Gaskets to Various Chemicals in Soil
Identification of Biofilm Bacteria

Influence of Water Distribution Systems’ Conditions on Survival/Growth
and Virulence, etc.

Improving Storage Tank and Reservoir Design and Operations for Effective
Maintenance, etc.



Top Ten Problems Ranked by Federal Participants (4)

1.

2.

& N

10.

Understand Importance of Biofilm Development and Miecrobial Interactions
on Beneficial, etc.

A Standard Simulated Distribution System: Providing a Tool for Scientific
Study, etc.

Establish Standardized Statistically Valid Set of Sampling Plans for
Distribution Systems, etc.

Influence of Water Distribution Systems’ Conditions on Survival/Growth
and Virulence, etc.

Improving Storage Tank and Reservoir Design and Operations for Effective
Maintenance, etc.

A Field Study on Degradation of Water Quality Due to Chemical Leaching,
Corrosion, etc.

Treatments to Control Bacterial Regrowth in Drinking Water

Develop and Evaluate Rapid, Simple, and Specific Methods for Enumerating
Viable Bacteria, etc.

Impact of Corrosion Control on Disinfection of Biofilms on Reactive Pipe
Materials

Re-evaluation of Microbial Indicators Used to Determine Potable Water
Quality and Health Risks

Top Ten Problems Ranked by Industry Participants (4)

1.

2.

10.

Improving Storage Tank and Reservoir Design and Operations for Effective
Maintenance, ete.

Assessment of Health Risks from Drinking Water: Emergent Disease,
Chemical, etc.

Impact of Corrosion Control on Disinfection of Biofilms on Reactive Pipe
Materials

Unified Distribution System Operating and Maintenance Guidance
Document to Promote, etc.

Develop and Evaluate Rapid, Simple, and Specific Methods for Enumerating
Viable Bacteria, etc. '

Treatments to Control Bacterial Regrowth in Drinking Water

Define Risk of Bacterial Disease in Non-disinfected Distribution Systems
vs. Systems, etc.

Identify and Locate Lead Service Lines and Develop Methods to Prevent the
Uptake of Lead, etc.

Re-evaluation of Microbial Indicators Used to Determine Potable Water
Quality and Health Risks

Epidemiological Studies to Determine the Role of the Distribution System
(& Regrowth}, etc.



Top Ten Problems Ranked by Research Participants (9)

1.

S

10.

Understand Importance of Biofilm Development and Microbial Interactions
on Beneficial, etc.

Treatments to Control Bacterial Regrowth in Drinking Water

Assessment of Health Risks from Drinking Water: Emergent Disease,
Chemical Exposures, etc.

Develop and Evaluate Rapid, Simple, and Specific Methods for Enumerating
Viable Bacteria, ete.

Re-evaluation of Microbial Indicators Used to Determine Potable Water
Quality and Health Risks

A Standard Simulated Distribution System: Providing a Tool for Scientific
Study, etc.

Virulence of Pathogens and Opportunistic Pathogens Found in Biofilms of
Distribution, etc.

Impact of Corrosion Control on Disinfection of Biofilms on Reactive Pipe
Materials

Influence of Water Distribution Systems’ Conditions on Survival/Growth
and Virulence, etc.

Epidemiological Studies to Determine the Role of the Distribution System
(& Regrowth), etc.

Top Ten Problems Ranked by Utility Participants (5)

1.

2.

10.

10

Improving Storage Tank and Reservoir Design and Operations for Effective
Maintenance, etc.

Epidemiological Studies to Determine the Role of the Distribution System
(& Regrowth), etc.

Re-evaluation of Microbial Indicators Used to Determine Potable Water
Quality and Health Risks

Unified Distribution System Operating and Maintenance Guidance
Document to Promote, etc.

Understand Importance of Biofilm Development and Microbial Interactions
on Beneficial, etc.

Define Risk of Bacterial Disease in Non-disinfected Distribution Systems
vs. Systems, etc.

Assessment of Health Risks from Drinking Water: Emergent Disease,
Chemical Exposures, etc.

Effect of Phosphate-Based Inhibitors on Corrosion of Pb and Cu

Impact of Corrosion Control on Disinfection of Biofilms on Reactive Pipe
Materials

Influence of Water Distribution Systems Conditions on Survival/Growth
and Virulence, etc.



PRIORITY RANKING OF PROBLEMS

Notes:

The following 39 problems are presented in descending order of importance
as ranked by all (26) partictpants.

In some cases, a priority problem will consist of a number of problems
proposed by several participants. One lead participant was designated by the
chair as the person responsible for composing a new title, the wording of
which was acceptable to all originators of problems subsumed under the new
title. In the case where the lead participant composed only a new and
overarching title, the individual problems subsumed under that title are
presented alphabetically by author name. If more than one problem title is
included by one originator, the numerical order in which the originator
presented his or her problems at the workshop determined the order in which
the problems are listed.

In the case where the designated lead person composed not only a new title,
but also a new statement of importance, objectives, and/or approach, this full
text is presented immediately beneath the new title, followed by all of the
problems, listed in alphabetical order as described in Note 2 above.
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PRIORITY RANK 1

Understand the Importance of Biofilm Development and
Microbial Interactions on the Beneficial and Detrimental
Processes in Drinking Water Distribution Systems
ORIGINATORS:

Geesey on behalf of himself, R. Clark, Curry-Grant, DeMarco,
Dresher, Falkinham, Hermanowicz, and Ridgway

The following research problems were subsumed
under the above priority problem title:

proeLeM: Understand the Beneficial and Detrimental Effects of Microbial
Biofilms in Drinking Water Distribution Systems

ORIGINATOR: Geesey

Importance:

Biofilms can harbor and protect pathogens and indicator organisms from biocidal
chemicals added to water. Biofilms can promote corrosion of pipe material under
some circumstances and protect in others. Biofilms may remove toxins from water
before they reach the consumer. They may also release toxic substances when
conditions change.

Objective:

Determine how water chemistry and piping material and bacterial inoculum influ-
ence biofilm community structure and dynamics that have a significant impact on
water quality at the consumer’s tap.

Suggested Approach:

Define the important microbial populations which contribute to biofilms that form
on distribution pipe surfaces. Determine the interactions that promote or deter
pathogen/indicator organism maintenance, detoxification of water, and corrosion
enhancement and protection of distribution piping materials.

13
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prOBLEM:  Develop Information on the Capacity of Pipe Materials
to Sustain Biofilm Growth

ORIGINATOR: R. Clark

Importance:

Biofilm growth in drinking water distribution systems can pose operational prob-
lems, consume disinfectants and potentially harbor pathogens. 1t has been ob-

- served that some pipe materials support colonization more readily than others.

Okbjective:

To evaluate the capacity of various pipe materials to sustain biofilm growth and
consume disinfectant. To suggest modifications in pipe materials and for coatings
and linings that would minimize biofilm colonization.

Suggested Approach:

» Use pipe loops composed of various pipe material designed to simulate a range
of residence times and hydraulic conditions, and to evaluate biofilm supporting
potential of selected pipe matertials.

e Evaluate the interaction of water quality, pipe material and disinfectant in
supporting biofilm growth.

o Validate the results of these experiments using data from utility case studies.



prOBLEM:  Assessing Microbial Activity of Biofilms in Distribution Systems
Relative to Degradation of Organics and Disinfection By-Products

ORIGINATOR: Curry-Grarit

Importance:

Water supplies, whether from surface or ground sources, receive some level of
treatment, are disinfected, and are then pumped into distribution systems. These
distribution systems offer large surface areas and appropriate conditions to estab-
lish biofilms. Since the different compounds used in water disinfection could
impact the microbial activity within biofilms, it is important to determine how the
biofilms which line these systems affect water quality within the distribution
system.

Objective:

It is desirable to determine the extent to which biofilms in systems that are treated
with different disinfectants can degrade or transform disinfection byproducts and
other organics that pass through the distribution system.

Suggested Approach:

Harvest biofilms from various locations within distribution systems to demonstrate
and gquantify microbial activity. Assay microbial activity relative to degradation of
organics, and disinfection byproducts. Changes in microbial activity should be
correlated with physical aspects of the distribution systems and proximity to the
treatment plant. Also, a measure of activity that may be used to evaluate the
viability of the biofilm bacteria is their ability to convert ammonia to nitrate.

proeLEM:  Defining When Water Quality and Pipe Changes Should Dictate
Distribution System Pipeline Replacement/Renovation

ORIGINATOR: DeMarco

Importance:

Most utilities do not incorporate water quality criteria in their pipe replacement
programs. Only the most obvious problems are addressed and then only after
customer complaints become numerous. Few systems consider tuberculation or
biofilms in pipe upkeep programs. Such reactive procedures are obstacles in im-
proving customer satisfaction and confidence with utility operations.

Many utilities have a number of lead service branches that may need to be re-
moved. Since this is a costly endeavor, the replacement program will likely take
place over a number of years. CDC has reduced its tolerable blood lead levels, and
the existing lead branches may need to be replaced. However, which ones first,
partial only, lead versus copper are questions needing more definitive answers.

15
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Objective:

Determine what types of parameters can be associated with early deterioration in
pipes and/or the quality of water conveyed and devise a prioritization method for
lead service branch and copper service branch replacement.

Suggested Approach:

Instrumenting pipe sections of various age and types with continuous water quality
monitoring devices such as chlorine monitors, velocity and pressure transducers,
oxygen analyzer, TOC, TDS, etc. and observation of characteristics of inorganic
pipe films, biofilm growth and resultant water quality may determine which pa-
rameters can be used by water utilities. A guidance document that points out
factors of importance and how to use them effectively is a desired product.

progLeM:  Biolfilm Growth on Plumbing Materials:
* As a Host for Pathogenic Bacteria and Viruses
* As a Host for Microbiologically Influenced Corrosion (MIC)

ORIGINATOR: Dresher

Importance:

The World Health Organization, in its recent “Guidelines for Drinking Water
Quality,” cautions on the build-up of biofilms on materials used in drinking water
systems. No drinking waters are aseptic. Consequently, there is always a presence
of an assortment of bacteria which, if allowed to multiply, can represent a hazard
either to human health or to the integrity of the water supply system. Multiplica-
tion of bacteria occurs in biofilms associated with surfaces. These surfaces can be
the sand used in filter media, piping in the distribution system or piping and fix-
tures in the consumer’s building. Pathogenic bacteria have been found to propa-
gate to differing degrees on various plumbing material surfaces. Likewise, MIC-
causing hacteria have been found to be a cause of corrosion in plumbing materials.
Reduction in chlorine residuals can be expected to increase biofilm build-up on
materials in water distribution systems.

Objective:
To understand the conditions under which biofilms are formed in plumbing
systems and, from this, to be able to:

* Recommend water treatment practices that minimize biofilm formation and
bacteria propagation.

¢ Recommend sterilization procedures for decontaminating a system once it is
infected.

Suggested Approach:
An extensive body of literature exists on this subject as a result of laboratory

experimentation. These studies should now be coupled with field observation,
measurement and analysis. Procedures should then be developed and field tested.



prosLem:  Sequence of Events Leading to Biofilm Development

ORIGINATOR: Falkinharm

Importance:
* Biofilms important in water quality.

* What’s important? Bacteria, surface, or physiochemical parameters.

Objective:
¢ [dentify primary colonizers and population membership.

e Identify physiochemical factors influencing biofilm development.

Suggested Approach:
» Follow biofilm development (in situ and in vitro).

e Describe physiochemical characteristics (in situ).

* Modify physiochemical parameters (in vitro) and follow biofilm development.

rroeLEm:  Effects of Transients on Microbial Colonization of Surfaces
in Distribution Systems

ORIGINATOR: Hermanowicz

Importance:

While colonization of surfaces by microorganisms have been extensively studied,
most of the work has been done under steady flow and nutrient supply. There are
indications that transient flow conditions (such as flow reversal) and variable
nutritional supply affect metabolic status and may promote detachment.

Objective:

¢ Examine the effects of transient flow and nutrient supply on metabolic status of
biofilm cells, its structure and detachment.

Suggested Approach:

e Develop biofilms in a hydrodynamically well-defined lab system and subject
them to flow changes, including flow reversals and drastic changes in nutrient
availability.

¢ Monitor metabolic status (e.g., using vital stains, uptake of radio labeled nutri-
ents), biofilm structure and cell detachment.

17
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rroBLEM: Total Assessment of Microbial Regrowth in Full-Scale
Distribution Systems

ORIGINATOR: Hermanowicz

Importance:

Bacterial regrowth has been identified as a source of contamination yet little is
known about the dynamics of distribution system colonization.

Objective:
e Investigate bacterial regrowth in a part of a full-scale distribution system.

e Develop mass and energy balance for substrates and microbial cells.
* Estimate growth and transformation kinetics.

* Examine the effects on water quality.

Suggested Approach:

¢ Identify and characterize a part of a distribution system with well-defined
flow patterns.

e Monitor on four very frequent basis fluxes of nutrients and microorganisms.
s Attempt to balance the flow of nutrients and energy.

¢ Relate the fundamentals to water quality.

proBLEM:  Interaction with Bacteria with Distribution System Materials

ORIGINATOR: Ridgway

Importance:

Microbial attachment to a surface is the first cellular event in biofilm formulation.
Adhesion of bacteria to distribution system materials may enhance their survival
and persistence.

Objective:
Determine affinity of specific bacterial isolates and native consortia to distribution
system materials, including elastomers, polymers, and thermoplastics.

Sugyested Approach:

Perform adhesion and colonization assays using distribution system materials.
Employ both indicator and “heterotrophic plate count” bacteria and a wide variety
of materials. Data could contribute to development of biofilm/colonization models
for distribution systems.
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PRIORITY RANK 2

Assessment of Health Risks From Drinking Water:
Emergent Disease, Chemical Exposures, and
Risk Communication

ORIGINATORS:
Ford on behalf of himself, Highsmith, Holtzman, Smith and Velazquez

The following research problems were subsumed
under the above priority problem title:

proBLEm: There is a Limited Understanding of Factors That Contribute to
Emerging Diseases Associated with Water Use, Particularly in
Institutional Settings

ORIGINATOR: Ford

Importance:

Reducing health care costs and human suffering. Establishing risks of “new dis-
ease” or resurgent disease outbreaks. Establishing guidelines for institutional
water use.

Obhjective:

Increasingly susceptible populations: HIV, elderly, other immunosupressed popula-
tions. We are seeing increasing rates in opportunistic infections, mycobacterial
infections, Legionellosis and infections from antibiotic resistant strains. We need
to further our understanding of routes of dissemination of infectious agents, their
mechanisms of survival and proliferation, and the conditions that might increase
virulence or result in antibiotic resistant strains.

Suggested Approach:

e Study environmental factors that result in proliferation and subsequent dissemi-
nation of these organisms: e.g. role of biofilms as protective environments,
design of hot water systems (e.g., for control of Legionella sp. and Mycobacte-
rium sp.), role of organics and inorganics (Zn and mycobacteria), role of distribu-
tion system components and disinfection regimes in creating more virulent or
antibiotic resistant strains.

o Investigate modes of exposure (aerosols, drinking water, etc.).

» Establish effective doses and modes of infection (as biofilm aggregates, intracel-
lularly, free living, etc).
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proBLEM:  Determine if Radon in Drinking Water Impacts
on Reproductive Health

ORIGINATOR: Highsmith

Importance:

Recently, an investigator suggested that pregnant women ingesting water with high
levels of Radon may have daughters developing malignancies around age 20.

Objective:
Determine if a relationship exists between drinking water with elevated Radon
levels and health effects.

Suggested Approach:

Examine current Radon data and cancer rates among 18-25 year-old females.
Evaluate Radon levels in selected geographic areas by USGS mapping and with
cancer rates.

proelem:  Examine Waterborne Disease Qutbreaks Reported to EPA/CDC
Annual Surveillance with Unknown Etiology

ORIGINATOR: Highsmith

Importance:

Each year 40-50% of outbreaks reported by State and Local health departments to
the EPA/CDC annual surveillance are listed with unknown etiology. This may be
due to incomplete or lack of information submitted at State and Local levels; inabil-
ity to collect timely water samples; or to correlate illness epidemiologically.

Obhjective:
To seek to reduce number of outbreaks with unknown etiology.

Suggested Approach:

Recognize that test methodologies may be inadequate to isolate etiologic agent.
Encourage illness reporting among local and State health officials.



proeLEM: Comparison of Nontuberculous Mycobactertia (NTM)
Found in Potable Water with Isolates From Immunocompromised
and Immunocompetent Patients

ORIGINATOR: Holtzman

Importance:

One disseminated NTM (M. avium) infection is the second most common cause of
death in AIDS patients. Studies in our laboratory suggest that water may be a
source of this infection in these immunocompromised patients. Significant mor-
bidity from NTM infections also occurs in immunocompetent patients (e.g., pulmo-
nary disease in adults and pediatric facio-cervical lymphadenitis).

Objective:
To determine, more conclusively, the relatedness of potable water and clinical
NTM in both immunocompromised and immunocompetent patients.

Suggested Approach:

Use of laboratory studies to include the following procedures: biochemicals,
species-specific DN A probes, serotyping, multilocus enzyme electrophoresis, re-
striction analysis of ribosomal spacer DNA, pulsed field gel electrophoresis, restric-
tion analysis of ribosomal spacer DNA by capillary electrophoresis, pulsed field gel
electrophoresis of whole cell DNA restriction fragments and the attachment of
these organisms to and their replication in host macrophages as a measure of
virulence.

rroBLEM:  Idemtifying Populations Potentially at Risk From Drinking
Water Contaminants (Microbes and Chemicals) and Developing
a Strategy for Risk Communication and Management Within
These Populations

ORIGINATOR: Smith

Importance:

Certain subpopulations such as HIV and cancer patients, infants and the elderly
may be at risk from drinking water contaminants. These subpopulations may be
able to lower their risk for drinking water related illness by adopting certain prac-
tices such as boiling water or using alternative sources.

Objective:
* Identify specific populations at risk.
¢ Identify specific contaminants affecting these populations.

» Identify techniques and alternatives to provide these subpopulations with safe
water for drinking, bathing and use in medical devices. Define role of PWS in
protecting these subpopulations.
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Suggested Approach:
Assemble a team to study the populations at risk, contaminants, and methods of
control (i.e., treatment, POU, alternatives).

The team should include epidemiologists, physicians, health practitioners, water
quality specialists, and subpopulation representatives.

proBtEM:  We Need to Identify Chemicals or Microbials in Drinking Water
at the Tap Which Actually Pose the Greatest Risk to Human Health

ORIGINATOR: Velazquez

Importance:

Most of the discussions so far has focused on issues that affect our exposure to
microbials/DBP’s. In order to focus on reducing risks, first, we need to identify
what qualities of drinking water actually pose the greatest risk. Ideally, this should
relate to water at the tap, thereby taking into account changes that the water goes
through during distribution. A good example of this is illustrated by lead. It
wasn’t until we started to gain a better understanding of the biological effects of
lead, particularly in children, that this was identified as a significant risk and
actions were taken to reduce our exposure to lead in drinking water.

Objective:
Determine more accurate dose-response relationships for microbials and DBP’s for
water at the tap.

Suggested Approach:
e Investigate changes in levels and/or types of microbials and DBP’s (e.g., due to
metabolism by microbials) that occur during the distribution process.

® More mechanistic research is needed to determine how DBP’s are metabolized by
humans and how they exert their toxicologic/carcinogenic effects.

* Need better understanding of how animal models relate to human risk, particu-
larly the contentious B6C3F1 mouse liver tumors.

e Need better low-dose extrapolation models for determining carcinogenic risk
from DBP’s.

* Need more information on human variability in response to both microbials and
DBP’s.



proBLEM: Determine How Potential Health Effects From Mixtures
(Both DBP’s and microbials) to Which Humans are Exposed
in Drinking Water Compare with Health Effects Risks From

Single Components

ORIGINATOR: Velazquez

Importance:

In setting standards (i.e., MCL/MCLG’s) for contaminants in drinking water, we
need to know whether interactions between different chemicals or microbials in a
mixture can alter the effects that result from single exposures. For example, differ-
ent disinfection regimens result in mixtures with varying components, or differing
ratios between resulting by-products. Little is known about effects resulting from
such mixtures.

Objective:

The objective of this research is to determine whether effects resulting from expo-
sure to single chemicals or microbials in drinking water are independent from the
effects due to other components present in drinking water.

Suggested Approach:

In vitro studies (e.g., mutagenicity) are of limited use. We need more mechanistic
data on single chemicals {e.g., a lot of work is going on now with DCA and TCA) to
determine whether the mechanisms of toxicity for two or more DBP’s {or
microbials) are similar.

Animal studies are then needed to test hypothesis generated from knowledge of
mechanisms of toxicity/carcinogenicity.
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PRIORITY RANK 3

Epidemiological Studies to Determine the Role of the
Distribution System (and Regrowth) in Waterborne Disease

ORIGINATORS:
Karlin on behalf of himself, DeMarco, Hubbs and LeChevallier

Importance:

Payment attributed 30 % of enteric disease to drinking water which met all appli-
cable standards. The data showed a trend toward higher disease with distance in
the distribution system. Given the concern over DBP’s and attendant reduction in
disinfectant levels, we need to know the current role of treatment versus regrowth.

Although Payment is repeating the study with an eye toward the role of regrowth,
more definitive data is needed. For example, is the phenomena widespread or
associated with some system peculiarity at the Payment site.

The outcome could shed light on whether resources could be better utilized by
more stringent treatment or by better operation of the distribution system.

Objective:
To determine the relative roles of treated water distribution systems and home
plumbing regarding waterborne disease risk.

Suggested Approach:

Several prospective epidemiological studies would examine the health status of test
populations. Possible approaches could examine consumers of:

¢ Bottled water and tap water.

® Unchlorinated ground water versus chlorinated surface water.

Point-of-Use devices (reverse osmosis) and tap water.

o The impact of location within the distribution system (e.g., near the treatment
facility or in a dead-end area) on the health risk from drinking water.

Weekly, or bi-weekly health surveys could be conducted for test populations. End
points of disease could include: gastroenteritis; bacterial, viral or parasitic infec-
tions; doctor visits; or work days missed. For populations using ground or surface
waters, census date could be used to determine length of exposure. Hospital
records could be compared to determine differences in illness rates.
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The following research problems were subsumed
under the above priority problem title:

rrosLEM: Determine the Role of Bacteriological Regrowth in Waterborne
Disease. Separate Role Distribution System At-Large
From Home Plumbing. -

ORIGINATOR: Karlin

Importance:

Payment attributed 30% of enteric disease to drinking water which met all appli-
cable standards. The data showed a trend toward higher disease with distance in
the distribution system. Given the concern over DBP’s and attendant reduction in
disinfectant levels, we need to know the current role of treatment versus regrowth.

Although Payment is repeating the study with an eye toward the role of regrowth,
more definitive data is needed. For example, is the phenomena widespread or
associated with some system peculiarity at the Payment site.

Objective:
To determine the relative roles of treated water distribution systems and home
plumbing regarding waterhorne disease risk.

Suggested Approach:

Better characterize the occurrence, numbers and species of bacteria, fungus, etc. in
water distribution systems at a variety of drinking water systems.

Repeat the Payment study at utilities using a variety of treatment/distribution
scenarios to determine the effects of these variables upon entire disease rates.
Include a study of the effects of point-of-use devices on disease rates.

rroBLEM:  Lack of Association of Presence of Contaminants with Actual
Versus Perceived Adverse Health in the Population

ORIGINATOR: DeMarco

Importance:

The emphasis on resolving priorities for solving the myriad of problems perceived
needs to be placed into perspective by looking at related data, i.e., Milwaukee
situation.

Objective:
Provide perspective regarding whether health risks are overstated by using disease
outhreak/reporting data collected by the health community.



Suggested Approach:

Use epidemiology, health reporting records, blood lead levels and like data from the
health field to provide perspective of the real versus perceived problems. Also,
make waterborne diseases a reportable item.

proBLEM:  Assess the Impact of Point-of-Use (POU) Treatment Devices
on Risk of Bacterial Disease

ORIGINATOR: Hubbs

Importance:

Many consumers use POU devices to improve palatability of delivered water.
Some devices degrade water quality and may pose a risk to public health.

Objective:
Formulate a health advisory for POU devices, based on potential health risk.

Suggested Approach:
Review existing data and conduct additional research as necessary.

proBLEM: Epidemiological Study of Health Risks Due to Drinking Water

ORIGINATOR: LeChevallier

Importance:

Currently, the health risks due to consumption of drinking water are not well
known or quantified. Therefore, there is no basis to evaluate the benefits of vari-
ous intervention strategies. The results of this study would provide a foundation
for formulating treatment strategies that would provide the maximum benefit to
human health.

Objective:

The objectives of the study would be to define the greatest risks to health from
drinking water. To determine the relative risks of chemical and microbial contami-
nants, and determine the health impact of water quality degradation in the distri-
bution system.

Suggested Approach:

A prospective epidemiological study would examine the health status of test popu-
lations. Possible approaches could examine consumers of:

¢ Bottled water and tap water.

¢ Unchlorinated ground water versus chlorinated surface water.
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e Point-of-Use devices (reverse osmosis) and tap water.

» The impact of location within the distribution system (e.g., near the treatment
facility or in a dead-end area) on the health risk from drinking water.

Weekly, or biweekly health surveys could be conducted for test populations. End
points of disease could include: gastroenteritis, bacterial, viral or parasitic infec-
tions; doctor visits; or work days missed. For populations using ground or surface
waters, census date could be used to determine length of exposure. Hospital
records could be compared to determine differences in illness rates.




PRIORIEITY RANK 4

Improving Storage Tank and Reservoir Design and-
Operations for Effective Maintenance of Water Quality

ORIGINATORS:
Grayman on behalf of himself and DeMarco

The following research problems were subsumed
under the above priority problem title:

proBLEmM:  Identification of Negative Impacts of Finished Water Storage
Facilities on Water Quality and Mitigative Strategies to
Minimize Impacts

ORIGINATOR: Grayman

Importance:

Historically, tanks and reservoirs have been considered as passive facilities in terms
of their effects on water quality and have been designed and operated solely to
provide hydraulic reliability. Recent studies have shown that storage facilities
frequently negatively affect water quality in terms of lower chlorine residual,
increased age and increased biological activity, etc. Identification of impacts of
storage facilities on water quality and strategies to minimize these impacts are
needed to insure that water quality does not degrade in the distribution system.

Objective:
For tanks and reservoirs, define:
* The extent of the water quality problem nationally.

» The relationship between design, operational and environmental conditions and
the resulting water quality.

» Mitigative solutions for improving water quality.

Suggested Approach:
¢ Extensive national sampling program for tanks and reservoirs.

¢ Intensive sampling program for selected tanks and reservoirs.

Large scale laboratory studies of the behavior of tanks.

Development of mathematical model of the behavior (hydraulic and water
quality) of tanks and reservoirs.

Application of models to identify improved designs and operations.
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RESULTS OF FIELD SAMPLING OF TANKS AND RESERVOIRS

FREE CL RESIDUAL IN INLET/OUTLET ESTIMATES
STATE/ MINIMUM MAXIMUM RESIDENCE TIME
TANK NO. CONCENTRATION CONCENTRATION {DAYS)

California

CA-1 0.01 1.61 —

CA-2 0.05 0.35 4.4

CA-3 0.01 0.08 2.3
Connecticut

CT-1 0.01 1.20 —
Pennsylvania

PA-1 0.15 0.65 _—

PA-2 0.16 — —_
Washington

WA-1 0.04 0.24 2.2

WA-2 — — 4.3

WA-3 0.04 0.41 2.8

WA4 —_ — 0.7

WA-5 0.09 0.29 2.1

WA-6 0.02 0.26 2.2

WA-7 0.11 0.59 2.3

WA-8 — — 2.3

WA-9 — — 3.1

WA-10 0.02 - 0.20 13.2

prosLEM:  Improving Current Distribution System Storage Tank Design
and Operation for Effective Maintenance of Water Quality

ORIGINATOR: DeMarco

Importance:

Most United States distribution system storage tanks are still being designed on a
fire flow peak demand basis. However, frequent water turnover in distribution
systems is more compatible with current water quality regulations. Customer
satisfaction depends on maintaining high water quality throughout the distribution
systems and their taps. The customers are defining a societal water quality need
which engineering research must address.

Okbjective:
Determine storage tank configurations, inlet and outlet designs that maximize
water turnover in distribution system storage tanks.

Suggested Approach:

Perform field scale investigations to understand the mixing and turnover in exist-
ing storage tank designs. Conduct a pilot scale storage tank system study to opti-
mize design conditions. Preferably the optimized conditions of mixing and turn-
over can be scaled up through hydraulic similitude and installed at cooperative
utilities. If optimization or improvements can be obtained by modifying existing
tanks then utilities may cooperate willingly. Use mathematical models to estimate
best operating modes and evaluate the use of these models to operate valves.



PRIORITY RANK 5

Treatments to Control Bacterial Regrowth
in Drinking Water

ORIGINATORS:
LeChevallier on behalf of himself, R. Clark and Geesey

The following research problems were subsumed
under the above priority problem title:

proBLEM: Treatments to Control Bacterial Regrowth in Drinking Water

ORIGINATOR: LeChevallier

Importance:

Water quality leaving the treatment plant is thought to be of high quality. How-
ever, bacterial regrowth in distribution system biofilms can degrade water quality
and possibly increase the risk of gastroenteritis. Research needs to be performed to
determine what treatment techniques are effective to prevent regrowth problems.

Objective:

The objective of the study would be to evaluate different treatment processes for

reducing biodegradable organic carbon. Evaluations would include ozone/GAC,
“enhanced coagulation, membrane filtration, single and dual-stage filtration.

Suggested Approach:

Three parallel pilot units would test various source waters (ideally 3-5 types of
water). The three units would be:

¢ Ozone with dual-stage (sand and GAC) filtration.

¢ Conventional treatment with enhanced coagulation and GAC filter-absorbers
(no predisinfection).

® Nanofiltration.

The systems would be examined to determine the expected level of AOC and BDOC
removal and the relative cost. Data analysis would be performed to determine
which approach would be needed to achieve various levels of biological stability.
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proBLEM: Impact of Water Treatment Selection on Distribution System Water
Quality to Achieve Microbial and Chemical Water Quality Goals

ORIGINATOR: R. Clark

Importarnce:

Drinking water utilities in the U.S. will be making increased investments in treat-
ment technology in order to achieve a wide range of stringent MCL’s. The point of
compliance will be in the distribution system at the point of consumption and yet
most of the knowledge concerning the performance of these technologies is as at
the discharge point of the process train.



Objective:

It is not clear what impact these treatment choices will have on distributed water
quality. The objective of this project would be to develop a protocol and procedures
to systematically study these choices under controlled conditions.

Suggested Approach:

e Design a series of experiments to explore the impact of water treatment choices
on water quality using specifically-designed pipe loops.

e For example, one can study the use of membranes eliminating the formation of
biofilms in distribution system. The cost should be balanced against the results.

¢ Another example would be the use of biological treatment which can be designed
to minimize the formation of objectional by-products and biofilm simultaneously
in the distribution system.

» Experiments should be conducted under controlled conditions, in pipe loops
under rigorous experimental design procedures.

probLEMm: Identify Novel Approaches to Enhance or Replace Current
Biological Control Measures in Drinking Water Distribution
Systems (in Order to Minimize Health Risks and Improve
Longevity of Drinking Water Distribution System)

ORIGINATOR: Geesey

Importance:

We need to become more sophisticated in the way we control microbial growth and
survival in drinking water before it gets to the consumers. Current approaches
occasionally fail to protect the consumer from all types of hazards.

Objective:

Understand what limits growth and promotes irreversible inactivation of risk-

related microbes in drinking water systems. Utilize this new understanding to
develop cost-effective water management strategies in public and private water
supplies.

Suggested Approach:

Set up pilot scale distribution systems in which water quality parameters can be
manipulated and the growth and/or irreversible inactivation of “nuisance” mi-
crobes can be accurately monitored both in the water and on the walls of the sys-
tem and serve as effective models for distribution systems which have a history of
health and system maintenance problems.
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PRIORITY RANK 6

Define the Risk of Bacterial Disease in Nondisinfected
Distribution Systems Versus Systems That Carry a
Disinfection Residual

rroBLem:  Define the Risk of Bacterial Disease in Distribution Systems
That Maintain a Disinfectant Residual Versus Those That Do Not

ORIGINATOR: Hubbs

Importance:

The distribution system is subject to bacterial contamination from cross-connec-
tions, sanitary deficiencies in storage tanks, and from maintenance activities.

A disinfectant residual is the last barrier of defense, after positive pressure.

Objective:

Review water borne disease outbreaks/occurrences in the past 5 to 10 years.
Determine the possible reduction in disease/death by requiring that all systems
maintain a disinfectant residual.

Suggested Approach:

Review CDC records/morbidity/mortality records. Determine percentage systems,
population served by systems that do not feed disinfectant for distribution system

residual. Predict impact of regulation requiring that all distribution systems main-

tain a disinfectant residual in distribution systems.
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PRIORITY RANK 7

A Standard Simulated Distribution System:
Providing a Tool for Scientific Study of a Practical Problem

ORIGINATORS:
Edwards on behalf of himself, Camper, R. Clark, S. Clark, Grayman, Harvey and Smith

The following research problems were subsumed
under the above priority problem title:

proBLEM:  Design of Pilot and Laboratory Scale Simulated
Distribution Systems

ORIGINATOR: Edwards

Importance:

Lack of standardized protocol and designs for physical (laboratory-scale/pilot-scale/
full-scale) simulated distribution systems impedes research progress. Providing this
tool is an important starting point for further study of distribution system behavior.

Objective:

To identify and discuss designs for simulated distribution systems that best repre-
sent the hydraulics, temporal variations, corrosion and biological behavior of real
distribution systems.

Suggested Approach:

Compile (collect) designs of physical simulated distribution systems used to date.
Fund a workshop for individuals who have used each design to discuss the relative
merits/drawbacks of each. Make recommendations as to the “optimal” design and
provide the rationale for each component. Make results available to distribution
system researchers. Discuss limitations and possible need for a full-scale distribu-
tion system testing.
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prosLEM: A Standardized Simulated Distribution System:
Providing a Tool for Scientific Study of a Practical Problem

ORIGINATOR: Edwards

Importance:

Lack of standardized protocol in simulated distributions systems impedes research
and prevents a rationale comparison of results between studies.

Objective:

Develop a standard “optimal” layout and operation protocol. Deviations from the
standard individual research projects are likely and probably advisable under some
circumstances, but a proper consideration of elements in previous design is still
worthwhile.

proBLEM:  Development and Evaluation of Monitoring Devices for
Assessing Biofilm Development and Microbial Activity in
Distribution System

ORIGINATOR: Camper

Importance:

Increased interest in biofilms in distribution systems requires that proper monitor-
ing tools be provided for the industry.

Objective:
Compare available technologies and develop new technologies to provide utilities
with monitoring devices.

proLEM:  Impact of Distribution System Design and Operational Policies
on Water Quality

ORIGINATOR: R. Clark

Importance:

Distribution systems in the United States are designed and operated primarily for
the maintenance of pressure, reliability and fire flow. These objectives result in
excess capacity and generally long residence times which in turn may result in
water quality degradation. Distribution systems represent the major investment
for most drinking water systems.



Okbjective:
To find the optimal balance which would achieve both hydraulic and water quality
objectives simultaneously.

Suggested Approach:

» Develop a system model that adequately describes the hydraulic behavior of a
distribution system.

* Extend model to incorporate water quality measurements.
¢ Validate model with specific case study data.

» Modify operational policies or redesign systems to validate predictions from
these models.

proeLem:  Relationship of Water Quality Changes to Hydraulic Conditions
in the Distribution Center

ORIGINATOR: S. Clark

Importance:

Aging, deteriorating water distribution systems in major U.S. cities will need
replacement or rehabilitation in the near future. The historic design approach has
emphasized hydraulics, especially fireflows, over concerns for water quality main-
tenance. Can these two design goals be cost effectively met?

Objective:

There is very little understanding of the water quality changes in a distribution
system and a relatively good understanding of system hydraulics. We need to
better understand the interrelationships.

Suggested Approach:
e Review of design and operating practices.

¢ Develop computer models to relate water quality to hydraulics.

e Collect monitoring data to verify computer models.

proBLEM: Development of a Full-Scale Test Distribution System

ORIGINATOR: Grayman

Importance:

Laboratory and pilot level models of distribution systems are frequently insuffi-
cient for research studies. Use of actual systems may be limited due to negative
impacts on water users. Studies using a full-scale system that is not in normal
operation would avoid these problems.
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Objective:
Build or find an abandoned full-scale distribution system (such as a closed military
base) for testing risk reduction schemes.

Suggested Approach:
Determine the requirements for a full-scale system and then build or acquire such a
system.

proBLEM:  Assess the Fate and Transport Charateristics of Selected
Chemicals After Final Treatments to Include Type,
Concentrations, Temporal Aspects Within Distribution Pathways

ORIGINATOR: Harvey

Importance:

Standard setting at treatment plants may not reflect actual exposure at consump-
tion points; risk may increase, decrease, or change due to distribution transit.

Objective:

The point of consumption relates to actual human exposures and its appropriate
translation to internal doses versus occurrences in the delivery and sourcing of
pathways.

Suggested Approach:
e Select stressors of greatest significance.

* Develop “tracking mechanisms” for the transport/fate of the stressors.

¢ Adjust operational standards/guidance to accommodate true, user exposures
to stressors.

proBLEM:  Evaluating Changes in Disinfection By-Product (DBP)
Concentration Levels and Diversity in Water Distribution Systems

ORIGINATOR: Smith

Importance:

A number of physico-clinical factors in the distribution system may play a role in
altering DBP concentration levels and diversity at the consumer tap.

Objective:
Define the mechanisms by which pH, time, temperature and changing disinfection
levels impact DBP levels and diversity at the tap.

Suggested Approach:
Conduct a laboratory bench-top study with a field verification study.



PRIORITY RANK 8

Re-Evaluation of Microbial Indicators Used to Determine
Potable Water Quality and Health Risks

REVISED TITLE:

Evaluate and Develop Methods to Compare Environmental
Bacterial Indicators From Potable Waters and Those
Associated with Health Effects in the Chemical Setting

ORIGINATORS:
Highsmith on behalf of herself, DeMarco, Eager, Grayman, Hermanowicz and Smith

The following research problems were subsumed
under the above priority problem title:

prROBLEM: Re-Evaluation of Microbial Indicators Used to Determine
Potable Water Quality and Health Risks

ORIGINATOR: Highsmith

Importance:

Indicator organisms are assumed to have a correlation with the presence of micro-
bial pathogens in water. Yet, the presence of a biofilm in a distribution system may
create a microenvironment that could influence both the quantities and species of
bacteria present in drinking water. The effect of this microenvironment on tradi-
tional indicator bacteria is unknown and should be evaluated. The use of addi-
tional indicator organism(s) may be warranted and should be investigated to en-
sure that the health risk is neither over nor under estimated.

Objective:

To determine the relationship between bacterial pathogens and their associated
indicators in drinking water. To determine if the use of a single microbial indica-
tor is adequate to assess drinking water quality and health risk.

Suggested Approach:

Conduct site surveys at distribution sites and perform laboratory studies to determine:

¢ The base level of pathogen and indicator contamination.
e The presence and level of those organisms in any associated biofilm.

* The suitability of secondary indicator organisms.
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proeLEM:  Lack of Association of Presence of Contaminants with
Actual Versus Perceived Adverse Health in the Population

ORIGINATOR: DeMarco

Importance:

The emphasis on resolving priorities for solving the myriad of problems perceived
needs to be placed into perspective by looking at related data, i.e., Milwaukee
situation.

Objective:
Provide perspective regarding whether health risks are overstated by using disease
outbreak/reporting data collected by the health community.

Suggested Approach:

Use epidemiology, health reporting records, blood lead levels and like data from the
health field to provide perspective of the real versus perceived problems. Also,
make waterborne diseases a reportable item.

proBLem:  Use of Microscopic Particulate Analysis (MPA) as a Surrogate
Parameter for Assessment and Optimization of Treatment Plant
Performance

ORIGINATOR: Eager

Importance:

The water industry needs surrogates beyond turbidity and coliform bacteria to
evaluate water treatment plant performance and pilot study results.

Objective:
¢ Finalize MPA protocol based on the consensus method being used and approve
as a standard method.

¢ Develop basis for use of MPA as a tool for assessing sanitary integrity of systems,
and overall treatment process effectiveness.

Suggested Approach:

A variety of waters would be tested for MPA under various treatment scenarios to
establish a database for the range of particulate reduction.

The same waters would also be classified according to measurements and risk
assessment for Giardia and cryptosporidium.

Correlation of the MPA and actual risks would then be determined.



proBLEM: Enhanced Understanding of Relationship Between Water
Quality Indicators and Health Impacts

ORIGINATOR: Grayman

Importance:

Our ability to predict the effects of operational and design decisions on water
quality indicators is improving. However, without an improved understanding of
the relationship between the water quality indicators and resulting health effects,
good decision-making is seriously impaired. See example below.

Objective:

Develop statistical relationships between water quality indicators {such as chlorine
residual) and resulting health effects. This would replace the single “standard”
which says that values above that concentration are bad and values below that
concentration are okay.

Suggested Approach:

Example:

Is it better to have a small area with very low chlorine residuals or a larger area
with chlorine residuals that are slightly low? Without a clear understanding of the
relationship between the water quality indicator {e.g., Chlorine) and health effects,
that question cannot be answered.

Minimum chlorine residual
in distribution system as a
function of water level
variations in Prospect tanks.

LEGEND

[:| Chiorine residual <20 percent
&5 Chlorine residuzl 20-50 percent
.| Chlorine residual >50 percent

Chlorine residual as a percentage of
residual leaving the treatment plant
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proeLEM:  Total Assessment of Microbial Regrowth in Full-Scale
Distribution Systems

ORIGINATOR: Hermanowicz

Importance:

Bacterial regrowth has been identified as a source of contamination yet little is
known about the dynamics of distribution system colonization.

Objective:
* Investigate bacterial regrowth in a part of a full-scale distribution system.

* Develop mass and energy balance for substrates and microbial cells.
¢ Estimate growth and transformation kinetics.

e Examine the effects on water quality.

Suggested Approach:

¢ Identify and characterize a part of a distribution system with well-defined flow
patterns.

¢ Monitor on four very frequent basis fluxes of nutrients and microorganisms.
e Attempt to balance the flow of nutrients and energy.

¢ Relate the fundamentals to water quality.

proBlem: Development of Molecular-Based Methodologies to Compare/
Assess Environmental and Clinical Strains of Indicator Bacteria

ORIGINATOR: Smith

Importance:

Utilities and regulators need a decision-making tool for public health protection
during periods of elevated indicator-organism recovery (e.g., biofilms) that occur
without evidence of fecal contamination or waterborne disease.

Objective:
Develop a tool for investigating waterborne disease outbreaks and evaluating the
risk potential for distribution systems with active biofilms.

Suggested Approach:

Evaluate/develop molecular methods to compare/assess environmental versus
clinical strains of indicator bacteria. Specifically, compare genetic properties of i.e.
klebsiella pneumoniae, clinical and environmental isolates when klebsiella
pneumoniae are being recovered from the distribution system.



PRIORITY RANK 9

Influence of Water Distribution Systems’
Conditions on Survival/Growth and Virulence
of Pathogenic Microorganisms

ORIGINATORS:
Falkinham on behalf of himself, Dresher, Harvey and Ridgway

The following research problems were subsumed
under the above priority problem title:

prosLem: Influence of Water Distribution Systems’ Conditions on
Survival/Growth and Virulence of Pathogenic Microorganisms

ORIGINATOR: Falkinham

Importance:

* Conditions in water distribution systems may promote growth and pathogenicity
of microorganisms

» Water treatment and distribution systems may concentrate pathogenic microor-
ganisms. ’

Objective:
* Model water distribution system.

» Measure physiochemical parameters within system.
» Does model predict observed parameters?

* Measure influence of conditions on microbial pathogenicity, survival or growth.

Suggested Approach:

o Select water distribution system with known source of pathogens (e.g., Mycobac-
terium avium, Legionella pneumophila, Giardia lambia).

* Model and measure conditions within system.
» Compare model predictions with observed.

» Measure influence of range of conditions on survival/growth and virulence.

Vary conditions, predict response of microorganisms, observe response.
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proBLEM:  Influence of Stagnation on Water Distribution Systems

ORIGINATOR: Dresher

Importance:

The World Health Organization, in its recent “Guidelines for Drinking Water
Quality”, cautions on stagnation in water distribution systems and the develop-
ment of microbial induced corrosion (MIC). With EPA-mandated reduced chlorine
residuals, there appears to be developing serious corrosion (MIC), with implied
health aspects, in systems that are stagnant for extended periods of time. Stagna-
tion may occur in both the municipal distribution system and within buildings. It
occurs in new construction, where the water system is filled for testing several
months before occupancy, or it may be designed into a building in an extension of
the plumbing system that is used infrequently. MIC is known to occur with most
metals including nickel, titanium, steel and copper.

Objective:
To reduce corrosion, and potential health effects, in installations where drinking
water may be stagnated for extended periods of time.

Suggested Approach:

Develop water system sterilization procedures for the effective sterilization of the
water distribution and plumbing systems. Such procedures should be in keeping
with environmental mandates for drinking water and waste water discharge.

Develop plumbing system designs that eliminate stagnation points within the
systerm.

proBLEM:  Role of Dissolved Metals in the Water Purification Process

ORIGINATOR: Dresher

Importance:

e With mandated reduction of chlorine residuals, the question of assuring a sani-
tary water supply becomes important. It has been found that certain metals,
such as silver and copper, in trace amounts, stress coliform and other bacteria in
drinking water. This stressed state may be utilized to increase the effectiveness
of chlorination. This effect has been used in swimming pool water treatment but
not in municipal systems. (Note: metal concentrations are below the range of
EPA established limits.)

o The presence of metal-injured coliforms can present difficulties in accurately
analyzing the sanitary quality of drinking water.

Objective:
To make use of metallic ions normally found in drinking water to enhance the
sanitation process.



Suggested Approach:

Additional Iaboratory studies are needed to understand the effect. These should be
followed by in-field studies to determine the degree to which this effect is effective
in a practical system and to learn how to optimize the effect in practice.

rroBLEM:  Determine the Effectiveness of Residual Disinfection Injected
at Treatment Against (Viruses, Bacteria, and Protozoan)
Microbes at Pipe Dead Ends (Particularly E.Coli, Mycobacteria
Avium, Cryptosporidium, and Enteroviruses).

ORIGINATOR: Harvey

Importance:

As disinfection levels are challenged in direct proportion to distance from treat-
ment, microbial risks (including regrowth) seems highest for long distance users.

Objective:

An assessment of risk based upon biodynamics of the distribution system of dis-
tances and residual protectants to quantify risk factors - first customer versus last.

Suggested Approach:
* Develop reliable viability assays test for each microbial type - sentinels approach.

* Dose responses in animal - human models for pathogenicity.

Test at pilot scales the distance/disinfection levels versus risk levels.

Leads to focusing solutions at greatest risk locations and a measure of risk
reduction(s) achieved.

rrosLlEM:  Identification of Genotypic and Phenotypic Changes of Bacteria
Introduced to Distribution System Environments

ORIGINATOR: Ridgway

Importance:

We do not understand genotypic/phenotypic changes that bacteria undergo when
they are introduced into distribution systems or water treatment processes. Some
of these changes may result in their enhanced survival and persistence.

Objective:

Characterize genotypic/phenotypic changes of indicator and other bacteria when
placed under distribution system conditions.

Suggested Approach:

Employ a battery of genetic, biochemical, and physiological techniques to monitor
and track dynamic changes that cells undergo when they are introduced to distribu-
tion system environments.
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PRIORITY RANK 10

Develop and Evaluate Rapid, Simple, and Specific
Methods for Enumerating Viable Bacteria in the
Distribution System of Public Health Concern

ORIGINATORS:
Wolfe on behalf of himself and Falkinham

The following research problems were subsumed
under the above priority problem title:

rrOBLEM: Development of a Rapid Method for Detection
of Viable Legionella From Water

ORIGINATOR: Wolfe

Importance:

A significant number of cases of legionellosis occurs each year. Although viable
Legionella can be recovered in hot water tanks and home plumbing systems, few
viable Legionella are recovered from distribution system even though Legionella
cells can be detected.

Objective:
¢ Develop a rapid method for measuring viable Legionella from water.

Suggested Approach:
¢ PCR approach (polymerase chain reaction, RNA).

¢ Use of vital stains w/fluorescent antibodies.

Then study ecology in distribution system.

proeLeM:  Develop and Compare Rapid, Simple and Inexpensive Methods
for Enumeration of Viruses and Microorganisms

ORIGINATOR: FFalkinham

Importance:
Lack of tests or expense of existing tests = lack of knowledge.
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Objective:
* Develop tests/collect tests of different methodologies.

* Compare methodologies.

- Semnsitivity
~ Specificity
- Utility

Suggested Approach:

e Test Development.

~ DN A-based
- Amplification-based
— Classical

e Comparisorn.

* Commercial Development.
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PRIORITY RANK 11

Impact of Corrosion Control on Disinfection
of Biofilms on Reactive Pipe Materials

ORIGINATORS:
Camper on behalf of herself, R. Clark, Dresher and LeChevallier

The following research problems were subsumed
under the above priority problem title:

prOBLEM:  Interaction of Disinfectants, Corrosion Control Regimes
and Bacteria in Distribution Systems

ORIGINATOR: Camper

Importance:

Improved water quality by effectively integrating corrosion control appropriate for
distribution system materials with disinfectants for control of microbial growth.

¢ Reduced main deterioration.
* Increased water stability and quality.

Reduced microbial contamination.

¢ Economical chemical addition.

» Compliance with lead and copper rule.

Objective:

Observe and monitor interactions of commonly used disinfectants and corrosion
control strategies on:

¢ Corrosion rates.
* Disinfection efficacy on planktonic bacteria and biofilm organisms on reactive
distribution system materials.

Suggested Approach:
Conduct laboratory and pilot scale research utilizing flowing systems with:

¢ Chlorine.

Monochloramine.

Phosphate based inhibitors on ferrous metal pipes.

Ph control/alkalinity. 55
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* Relevant hydrodynamic and nutrient regimes.

Measure:
e Corrosion rates.

e Disinfectant residuals.

Biofilm/density.

Planktonic cells.

proBLEM: An Assessment of the Microbial-Chemical Interactions
That Occur in Distributed Drinking Water

ORIGINATOR: R. Clark

Importance:

It is becoming increasingly apparent that water quality can experience significant
degradation in drinking water distribution systems. Distribution systems may
consist of thousands of miles of pipe of many types of materials. Variable residence
time, chemical reactions, growth of microorganisms, and loss of chlorine residuals
in the bulk phase, and formation of biofilm and chemical reactions at the pipe wall
can change water quality as it moves through distribution system pipes.

As MCLs become more stringent and increase in number, compliance at the tap
will become increasingly difficult. An increased understanding of the factors that
contribute to water quality degradation will be required if utilities are to meet the
requirements of the SDWA.

Objective:
Evaluate:

¢ The effect of different types of treatment on distributed water quality.

¢ The interaction of chemicals and microorganisms and their effect on distributed
water quality.

¢ The effect of various flow regimes on water quality.
¢ The effect of various types of pipe materials on the growth of biofilm on pipe
walls.

Suggested Approach:
» Evaluate the interactions listed under controlled experimental conditions.

* Develop predictive models.
* Calibrate models in full scale systems.

¢ Apply models to improve distributed water quality.



proeLEm:  Develop Information on the Capacity of Pipe Materials
to Sustain Biofilm Growth

ORIGINATOR: R. Clark

Importance:

Biofilm growth in drinking water distribution systems can pose operational prob-
lems, consume disinfectants and potentially harbor pathogens. It has been ob-
served that some pipe materials support colonization more readily than others.

Objective:

To evaluate the capacity of various pipe materials to sustain biofilm growth and
consume disinfectant. To suggest modifications in pipe materials and for coatings
and linings that would minimize biofilm colonization.

Suggested Approach:

» Use pipe loops composed of various pipe material designed to simulate a range of
residence times and hydraulic conditions, and to evaluate biofilm supporting
potential of selected pipe materials.

¢ Evaluate the interaction of water quality, pipe material and disinfectant in sup-
porting biofilm growth.

¢ Validate the results of these experiments using data from utility case studies.
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rroeLem:  Effects of New Water Treatments on Old Water
Distribution Systems

ORIGINATOR: Dresher

Importance:

EPA mandates under the “Lead and Copper Rule” require that water be treated to
reduce its corrosiveness to metals in the distribution system. In some cases it has
been found that the introduction of treated water to existing mains has caused
unusual problems with cast iron and steel piping which has led to iron contamina-
tion of the water delivered to the customer, leakage of mains and possible iron-
induced accelerated corrosion of copper hot water systems.

Objective:
To develop a method of treating water in a manner that the newly treated water
does not interfere with the materials in the existing water distribution system.

Suggested Approach:

Laboratory studies are needed to develop an understanding of the mechanism of
corrosion products protecting the existing system when a change is made in the
supply water.

Having done this, water treatment procedures should be elevated both in terms of
their ability to fulfill the requirements of the Lead and Copper Rule and to avoid
undo change in the installed system.

While not strictly within the context of treatment under the Lead and Copper Rule,
the recent experience of the City of Tucson in attempting to mix treated Central
Arizona Project water with their existing ground-water source is a strong case in
point. (Cast iron water mains lost their protective coating of iron oxide and major
failure of the pipe resulted! This, in spite of the fact that the CAP water was ad-
justed to be the same Ph as the existing water.)

rroBLEM: Modeling Disinfection Mechanisms for Biofilm

ORIGINATOR: LeChevallier

Importance:

Control of biofilm bacteria by disinfection requires a biocide that will be effective
for attached organisms. Currently there is no model to base the selection of an
appropriate secondary disinfectant.



Objective:

The project would develop a model to describe the transport and interaction of
commonly used disinfectants (free chlorine, monochloramine, chorine dioxide)
with biofilm microorganisms and reactive compounds.

Suggested Approach: '
e Experiments would determine transport of biocides within a biofilm matrix.

¢ Examine the reaction rate of biocide with non-target compounds.
¢ Determine the impact of biofilm structure of biocide effectiveness.

e Determine the role of microbial activity on disinfection resistance.
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PRIORITY RANK 12

Virulence of Pathogens and Opportunistic Pathogens
Found in Biofilms of Distribution Systems Receiving
Water From Varying Sources

ORIGINATORS:
Curry-Grant on behalf of herself and Camper

The following research problems were subsumed
under the above priority problem title:

proBLEM:  Enumeration and Identification of Opportunistic Pathogens
Found in Biofilms of Distribution Systems Receiving
Waters From Varying Sources with Differing Treatments
and Disinfectants

ORIGINATOR: Curry-Grant

Importance:

The disinfection process refers to a reduction of microbial content in the water
supply and is not intended to provide sterilization. Therefore, the distribution
system is constantly being seeded with low levels of microorganisms that may or
may not be opportunistic pathogens. As municipalities have become more con-
cerned with controlling the formation of chlorinated disinfection by-products in
distribution systems, there has been less reliance on maintaining a free chlorine
residual. As a result, many have favored a less potent combined chlorine residual
for protection of the distribution system. Therefore, the question that must be
addressed is: Are distribution systems that receive water from sources of varying
quality, and differing treatments and disinfectants, more likely to become reser-
voirs for microorganisms of public health concern?

Objective:

Study distribution systems that receive treated surface versus ground water. Other
variables to be researched should include the disinfectant type, concentration, and
contact times.

Suggested Approach:

Initial efforts should be directed toward identifying specific genera of microorgan-
isms. This can be accomplished using specific antibodies and fluorescent staining
procedures. Confirmation and enumeration of microorganisms can be achieved
with either probe or conventional microbiological technigues.
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proBLEM:  Virulence of Pathogens and Opportunistic Pathogens Isolated
From Biofilms in Distribution Systems (Specifically Coliforms)

ORIGINATOR: Camper

Importance:
Decide if public health is at risk from regrowth events.

Objective:
Answer guestion of whether indicator or organisms “attenuated” through biofilms
growth are capable of producing disease.

Suggested Approach:
» Test virulence of organisms isolated during regrowth events.

* Conduct laboratory studies to do same with organisms from “developed”
biofilms.

RPN
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PRIORITY RANK 13

Unified Distribution System Operating and Maintenance
Guidance Document to Promote Water Quality, Public Health
Protection and System Service Life

ORIGINATORS:
Smith on behalf of himself and Kirmeyer

The following research problems were subsumed
under the above priority problem title:

proeLEM:  Unified Distribution System Operating and Maintenance
Manual of Practice to Promote Water Quality, Public Health
Protection and System Service Life

ORIGINATOR: Smith

Importance:

The water distribution system is a complex entity that contains a variety of ele-
ments such as pipes, storage reservoirs, pumps, valves, pressure regulating devices
and fire hydrants. Each element in the system has its own unique requirement for
proper operation and maintenance. Moreover, the siting and installation of these
elements can impact water quality and system performance and serviceability.
Improper design, operation, or maintenance of water distribution systems can
result in water quality deterioration. Poorly maintained systems may become
subject to undesirable microbial growth, excessive main failures and cross-connec-
tions all of which can cause waterborne disease. Other factors impacting these
systems include internal and external corrosion, reduced carrying capacity and
excessive water losses. Improved and standardized distribution system operation
and maintenance procedures will help minimize the potential for water quality
deterioration and waterborne disease and extend system service life.

Objective:

Identify, evaluate and compile effective distribution system operating and mainte-
nance practices into a guidance document applicable to all public water supply
systems, regardless of system size. This document will clarify and expand on the
EPA’s “best technology” concept for distribution system maintenance and could
become the standard for conducting distribution system sanitary surveys. Major
topics to be included in the guidance document are:

¢ Monitoring programs.
* Cross-connection control.

e Security and safety.
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* Emergency response, trouble shooting procedures.
* Record keeping systems.
* Maintenance and rehabilitation procedures.

— Flushing programs. .

~ Disinfection of water mains and distribution facilities.
— Water main rehabilitation.

— The repair of mains, valves and hydrants.

— Tank and standpipe maintenance.

— Corrosion control.

Training programs for operators and maintenance personnel.

Suggested Approach:

Review literature, Ten-State Standards, AWWA standards and manuals and per-
form an industry-wide survey of distribution system operation and maintenance
practices. The survey should encompass a sufficient cross-section of small, me-
dium and large public water supply systems.

prOBLEM: Manual of Practice — How to Operate and Maintain a Water
Distribution System to Maintain/Enhance Drinking Water Quality

ORIGINATOR: Kirmeyer

Importance:

Distribution system operators have the desire to provide a high quality water to
their consumers; however, historically many do not have the technical know-how
or have not had the responsibility. Now, they have the responsibility because of
USEPA regulations for system water quality, but they have no “manual” or “how-
to book” to refer to as a standard of practice. The existing documentation is frag-
mented and often out of date.

Objective:

Develop a state-of-the-art Manual of Practice to maintain water quality based on
our current knowledge of distribution system operation and factors that degrade or
enhance water quality.

Suggested Approach:

» Designate a lead author to organize the manual.

* Select pertinent topics including water quality monitoring, management struc-
ture, new main installation, repairs, dechlorination and disposal of water, reser-

voir operation, blending of sources within the system, flushing, cross connec-
tions control etc.

* Retain authors/co-authors to address each of the subjects (should be practical
utility operations/engineering staff).

e Prepare manual in 18 months as a basis for improved operation.



PRIORITY RANK 14

A Field Study on Degradation of Water Quality
Due to Chemical Leaching, Corrosion and Microbial
Growth on Pipe Walls

ORIGINATORS:
S. Clark on behalf of himself and DeMarco

The following research problems were subsumed
under the above priority problem title:

prOBLEM: Degradation of Water Quality Due to Chemical Leaching,
Corrosion and Microbial Growth on Pipe Walls

ORIGINATOR: S. Clark

Importance:

Material used on pipe interiors have potential to degrade water quality by dissolu-
tion of chemicals or support of microbial growth. The two major problems are
bacterial regrowth leading to total coliform violations and possibly human exposure
to opportunistic pathogens. In iron water mains the aesthetic quality of the water
can be adversely impacted.

Objective:
¢ Correlate changes in water quality with various treatment practices designed to
minimize pipe COTTos1on.

¢ Characterize the physical and microbiological components of the surface materi-
als (films) on the inside of various pipe materials.

Suggested Approach:
¢ Examine water quality parameters and correlate with changes in interior pipe
films using various physical, chemical and microbial techniques.

¢ Examine in-situ means of pipe rehabilitation where pipe is in poor condition or
water quality modifications will not correct the situation.
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prosLEm:  Water Distribution System Materials Causing Water
Quality Degradation by Chemical Leaching and Support
of Microbial Growth

ORIGINATOR: S. Clark

Importance:

Ex1st1ng materials in use are related to water quality degradation which in some
cases is causing increased risk to human health.

Objective:
Develop and demonstrate materials/coatings that minimize water quality degrada-
tion and risks to human health.

Suggested Approach:

* Examine pipe/tank coatings that minimize metals corrosion, chemical leaching
and microbial growth.

» Develop/demonstrate new construction and in-situ rehabilitation techniques for
distribution system components.

e Verify in field properties.

proBLEM:  Water Quality Degradation by Distribution Pipe Material

ORIGINATOR: DeMarco

Importance:

Assuring the maintenance of a disinfectant residual, minimal bacterial population,
and minimal turbidity/rust, etc. throughout the entire distribution system is critical.

Objective:
To determine the impact of age, type of material, and condition of pipe, e.g.,
tuberculation on water quality, chlorine demand, and biofilm formation.

Suggested Approach:

A geographic distribution of water treatment facilities, which have a variety of pipe
materials and known distribution system problems, should be sampled over several
seasonal changes to determine associations between pipe material and condition
with water quality.



PRIORITY RANK 15

Establish a Standardized Statistically Valid Set
of Sampling Plans for Distribution Systems,
Including New Sampling Devices

ORIGINATORS:
Harvey on behalf of himself and Grayman

The following research problems were subsumed
under the above priority problem title:

prosLEM: Establish a Standardized, Statistically Valid Set of Samphing
Plan(s) for Distribution Systems (Small and Large) Including
New In-Process Sampling Devices for Both Chemicals,
Materials, and Microbes

ORIGINATOR: Harvey

Importance:

Reducing and automating the number of sampling points yet still having acceptable
confidence bands around analytes are both cost effective and provides assurances
for risk management decisions.

Objective:

The objective is to create a set of “common sampling plans” driven by high risk
stressors that serve for both standards setting and operating and monitoring
parameters encompassing appropriate confidence bounds.

Suggested Approach:
» Select prototype distribution systems (2-3)

» Sample using surrogate stressor(s) where possible.

* Determine statistically based/confidence intervals determined via sampling plans
with distribution size and types as variables.

¢ Pilot Level - Full systems verification, set up National data base for success
measurements.
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proBLEM: Development of Distribution System Sampling Regulations
and Procedures to Minimize Exposure Risk

ORIGINATOR: Grayman

Importance:

Water quality can vary both spatially and temporarily in a distribution system. In
order to insure that water quality meets required levels, procedures for defining a
robust sampling program are needed.

Objective:
Develop a set of procedures and resulting regulations for defining a sampling
program that will minimize exposure risk.

Suggested Approach:

Use statistical analysis of sampling data and water quality models of a wide range
of distribution systems to evaluate the ability of alternative sampling schemes to
minimize risk of exposure to unacceptable levels of harmful constituents.




PRIORITY RANK 16

Effect of Phosphate-Based Inhibitors
on Corrosion of Pb and Cu

ORIGINATORS:
Edwards on behalf of himself, Dresher, Karlin and Reiber

The following research problems were subsumed
under the above priority problem title:

prosLEM: Effect of Inhibitors on Corrosion of Pb, Cu and Brass

ORIGINATOR: Edwards

Importance:

The high cost of proprietary inhibitors, the still unresolved primary and secondary
effect of inhibitors on plumbing materials in distribution systems, and the severe
public health impacts (i.e., increased concentrations of heavy metal corrosion by-
products in drinking water} make this item of high societal priority.

Objective:
To define the specific water quality regimes in which inhibitors have beneficial
effects and those for which inhibitors have adverse effects.

Suggested Approach:

Expose lead, copper and brass plumbing materials to waters with a wide range of
pHs and alkalinities to establish baseline data on corrosivity. Parallel experiments,
in which the same waters will be tested but with inhibitor addition, will clearly
establish the relative benefits or disadvantages of each inhibitor type (i.e., ortho-,
poly-, and higher chain phosphates) on copper and lead corrosion by-product
release. A combination of conventional and electrochemical corrosion monitoring
techniques should be used to maximize the research obtained for the effect
expended. This should be a rational scientific laboratory based study as compared
to the collection of anecdotal utility experiences.
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rroeLEM:  Effect of Phosphate-Based Inhibitors on Corrosion of Pb and Cu

ORIGINATOR: Edwards

Importance:

The high cost of proprietary phosphate-based inhibitors, the still unresolved
primary and secondary effect of inhibitors on plumbing materials in distribution
systems, and the severe public health impacts (i.e., increased concentrations of
heavy metal corrosion by-products in drinking water) make this item of high
societal priority.

Okbjective:
To define the specific water quality regimes in which inhibitors have beneficial
effects and those for which inhibitors have adverse effects.

Suggested Approach:

Expose lead, copper, and brass plumbing materials to waters with a wide range of
pHs and alkalinities to establish baseline data on corrosivity. Parallel experiments,
in which the same waters will be tested but with inhibitor addition, will clearly
establish the relative benefits or disadvantages of each inhibitor type (i.e., ortho-,
poly-, and higher chain phosphates) on copper and lead corrosion by-product
release. A combination of conventional and electrochemical corrosion monitoring
techniques should be used to maximize the research obtained for the effect
expended.

PrOBLEM: Passivation of Lead in Drinking Water Distribution Systems

ORIGINATOR: Dresher

Importance:

It has been found that ppb quantities of lead in drinking water may be harmful to
health, particularly that of small children. The EPA has mandated the application
of water treatment practices that reduce the amount of lead in drinking water as
well as the removal of lead pipe in water distribution systems.

Objective:

To develop a treatment that passivates lead as it appears in materials used in
drinking water systems in order to reduce its rate of leaching and thus avoid
replacement of materials now installed. Such treatment could be by additive to the
water or by an isolated chemical modification of the lead-contaminating surface.

Suggested Approach:

Lead-containing materials are successfully used in drinking waters that are hard
and high in sulfate due to the development of an insoluble film of lead sulfate on
the surface. Explore for other possible ways of passivating lead that are compatible
with good drinking water practice.



proBLeM:  Effect of Corrosion Control Practices on Mobility of Lead
From Brass Faucets

ORIGINATOR: Karlin

Importance:

There is increasing concern over the role of lead in brass faucets. Recent changes
in treatment practices to protect the public from lead exposure from lead pipe/
solder may or may not have reduced brass lead solubility.

Objective:
Determine whether lead/copper control practices are effective in reducing lead
from brass faucets.

Suggested Approach:
Conducted a bench study using a “pipe loop™ approach.

rrosLem: Effectiveness of Caustic Silicates as Corrosion Inhibitors

ORIGINATOR: Reiber

Importance:

Silicates are being widely marketed for controlling corrosion on Pb and Cu surfaces

— their efficacy is, as yet, unproven.

Objective:
Distinguish between pH effects and corrosion inhibition related solely to SiO2.

Suggested Approach:
Pipe loop program — metal leaching studies.
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PRIORITY RANK 17

Development and Evaluation of Rapid Methods for-
Measuring Assimilable Organic Carbon (AOC)

ORIGINATORS:
Ridgway on behalf of himself and Wolfe

The following research problems were subsumed
under the above priority problem title:

proBLEM: Design and Evaluation of a Real-Time AOC Bioassay Device

ORIGINATOR: Ridgway

Importance:

AOC may be an important parameter affecting the survival, persistence, and
regrowth of distribution system microorganisms. A more rapid, sensitive, and
automated AOC measurement technique is needed.

Objective:
The objective is to design, build, and test a real-time AOC detection/measurement
technigue.

Suggested Approach:

Using molecular-genetic technigues, place the lux operon under control of a
growth/division related promoter of Pseudomonas p17. Then place recombinant
organisms in a gel matrix on end of an optical fiber element which is connected to
a photo multiplier device and computer. The recombinant organisms would be pre-
starved for nutrients, either before or after gel embedding. Light emission would
indicate presence of AOC.

prosLim:  Development of a Rapid Method for Measuring Assimilable
Organic Carbon (AOC)

ORIGINATOR: Wolfg

Importance:

Measurement of the AOC content of drinking water provides information on the
survival, persistence and potential for bacterial regrowth in the distribution
system. Measurement of AOC 1s becoming increasingly important as new
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regulations promote the use of ozone disinfection as an alternative to chlorination.
Ozonation is well recognized to dramatically increase the level of AOC in water.
Unfortunately, the current methods for measuring AOC require several days to
weeks before results are obtained. Having a rapid, direct method for AOC
measurement would enable utilities to more efficiently study the potential for
bacterial regrowth.

Objective:

The objective of this project is to chemically analyze AOC to determine
correlations with chemical components. Chemical analysis of the major AOC
constituents would provide a more rapid measure of regrowth potential in the
distribution system.

- Suggested Approach:

Samples of unozonated and ozonated water would be analyzed for AOC and a host
of oxygenated organic compounds, such acetaldehyde, formaldehyde, glyoxal,
methylglyoxal, and oxalic acid, and correlated with the change in AOC. Samples of
the ozonated water could be subjected to biofiltration to compare removal of AOC,
and the specific organic chemical compounds. Relationships may exist between
AOC and the individual and combined organic chemicals such that direct chemical
measurement could replace the time-consuming analysis for AOC. Different
source waters need to be evaluated.
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PRIORITY RANK 18

Secondary Effects of Disinfection By-Products Control
on Distribution System Water Quality

ORIGINATORS:
Edwards on behalf of himself and Wolfe

The following research problems were subsumed
under the above priority problem title:

proeLEm:  Secondary Effects of Distribution By-Product Control
on Distribution System Water Quality, or Effects of New Water
Treatments on Old Water Distribution Systems (The Sequel)

ORIGINATOR: Edwards

Importance:

Unprecedented changes in water treatment practice are currently under
consideration for the new DBP rule. Lower residuals, alternate disinfectants and
new/enhanced treatment process may have profound effects on biofilm growth and
corrosion control.

Objective:
To address and explore secondary impacts of DBP control on water quality
degradation in distribution systems.

Suggested Approach:

Select about four of the most promising means of addressing the DBP rule and
examine their relative effects on distribution system water quality. The study
should include an examination of biofilm growth and corrosion control, bacterial
levels, AOC and corrosion by-product release. One of the alternatives must be
enhanced coagulation.

proeLem: Impacts of Enhanced Coagulation on Microbial Quality
of Water in the Distribution System

ORIGINATOR: Wolfe

I mportancé:

The upcoming Disinfection/Disinfectant By-Products (DBP’s) Rule is designed to
reduce the levels of DBP’s in the distribution system. This rule will require 79
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utilities treating with surface waters with Total Organic Carbon levels of > 2.0
mg/L to implement enhanced coagulation (EC). In the EC process, elevated levels
of a coagulation are added to remove DBP precursors and primary disinfection is
delayed until after the sedimentation process to limit DBP formation. However,
shifting the point of disinfection to the end of the treatment process results in a
reduced margin of safety from waterborne disease and increase the potential for
microbial regrowth in the distribution system.

Objective:

The objective of the project would b<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>