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RETROSPECTIVE ANALYSES HELP

ILLUMINATE THE EXTENT TO WHICH
RESEARCH RESULTS AND OBJECTIVES
HAVE BEEN USED IN THE REGULATORY

DEVELOPMENT PROCESS.

BY CHAD SEIDEL, J. ALAN ROBERSON,
R. SCOTT SUMMERS, TOM ZEARLEY, AND GEORGE TANG

Incorporation of research
plan results into regulatory
policy

Ithough much research has been conducted in support of rule
development, there are questions about the extent to which research
‘ plans have supported the regulatory development process. The goal

of this project was to conduct initial retrospective analyses on

the use of research results and objectives in the US Environmen-
tal Protection Agency’s (USEPA’) regulatory development processes. Because
such retrospective analyses have not been conducted, a first-step approach
using the research tasks results and objectives identified in the arsenic and
microbial/disinfection by-product (M/DBP) research plans has been con-
ducted to understand the extent to which the research plans were incorpo-
rated into the final Arsenic and M/DBP rules.

RESEARCH RESULTS INFLUENCE RULEMAKING

Effective integration of research results is an underlying factor in the devel-
opment of National Primary Drinking Water Regulations (NPDWRs). Several
elements of rule development can be affected by research results. Health effects
research on a specific contaminant is usually considered the most critical
research, with the risk assessment typically serving as the driver in the risk
management process for setting the numerical standard. However, research is
also needed on analytical methods, occurrence, and treatment options. Robust
and reliable analytical methods are often the starting point because occurrence
data cannot be generated without an appropriate analytical method. Health
effects and occurrence data are essential to meet the three criteria for starting
the regulatory development process (i.e., listing a contaminant and making a
positive regulatory determination) stated in Section 1412(b)(1)(A) of the Safe
Drinking Water Act (SDWA; USEPA, 1996a):

¢ The contaminant has an adverse human health effect.

e The contaminant occurs, or there is a substantial likelihood that it will
occur, in public water systems at a frequency and level of public health concern.

e National regulation presents an opportunity for meaningful public
health risk reduction.

Research on appropriate treatment technologies is also important because
the cost of different treatment options (which is the starting point for both
the regulation’s national cost as well as the cost to consumers) is essential to
developing the cost—benefit analysis for each regulation. Section 1312(b)(3)
(C) of the SDWA specifies the components that must be addressed in USEPA
Health Risk Reduction and Cost Analysis for a federal standard (USEPA,
1996a). Section 1312(b)(4) of the SDWA details how treatment feasibility fits
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into the development of a national
standard (USEPA, 1996a).

Divergent opinions have arisen
over Section 1412(b)(3)(A)(i) of the
SDWA—commonly called the “good
science” provision—which mandates
the use of “ . .. the best available,
peer-reviewed science . . . ¢ in the
development of an NPDWR (USEPA,
1996a). The real debate, however,
revolves around individual interpre-
tation of “good science.” Contradic-
tory research results and the reasons
for these contradictions are some-
times more important than the con-
tradictions themselves.

In developing NPDWRs, USEPA
must constantly evaluate and ulti-
mately make decisions on complex
scientific issues that inherently have
some uncertainty. Uncertainty in
research results will always exist and
will affect the development of an
NPDWR. If the USEPA were to wait
until all uncertainty in the research
results had been resolved, no federal
standards would ever be developed.
However, it is important to under-
stand both the details of the uncer-
tainties in the research results and the
challenges in communicating these
uncertainties. Section 1312(b)(3)(B)
of the SDWA describes how USEPA
is to explicitly discuss the affected

population, the central estimate of
risk, the upper and lower bounds,
and each significant uncertainty in a
federal standard (USEPA, 1996a).
Additionally, understanding the
building blocks of uncertainty can
help in targeting and prioritizing
research to make the most progress
in reducing uncertainty (North et al,
1994). Developing and implementing
targeted research plans potentially
could substantially reduce some of
the scientific uncertainty surrounding
NPDWRs and ultimately ensure that
costs to consumers are achieving
optimal risk reduction. For example,
development of a research agenda for
various distribution systems issues
was one of two charges given to the
Total Coliform Rule/Distribution Sys-
tem Advisory Committee (TCRD-
SAC) because there was no informa-
tion at the time of the microbial/
disinfection by-product (M/DBP)
negotiation for the future Stage 2
rulemaking to address complex dis-
tribution systems issues through a
new regulation (USEPA, 2007a).
Because distribution systems are
complex, development of such a
research agenda is not a simple task.
The National Research Council
(NRC) of the National Academy of
Sciences looked at distribution sys-

tems previously and identified five
high-priority research issues: cross-
connection and backflow, new and
repaired water mains, finished water
storage, premise plumbing, and dis-
tribution system operator training
(NRC, 2007). Starting with the NRC
research issues, a subgroup of the
TCRDSAC framed a distribution
system research agenda so that the
research results could potentially be
used in a future rulemaking on dis-
tribution system issues. These issues
were incorporated into the agree-
ment in principle (AIP) for the
revised TCR (TCRDSAC, 2008).
Implementation of such a research
agenda is not an easy process because
of the different institutional ap-
proaches to funding and conducting
drinking water research by such enti-
ties as USEPA and the Water Re-
search Foundation (formerly the
Awwa Research Foundation and
referred to as AwwaRF in the docu-
ments and history cited here). The
challenges involved developing and
implementing effective research
plans provided the impetus for this
retrospective research effort to ana-
lyze past drinking water research
approaches and evaluate how much
of the planned research was incorpo-
rated into the final regulation.

FIGURE 1 Timeline for the research and rulemaking of the Arsenic Rule, Stage 2 D/DBPR, and LT2ESWTR

(including publication dates of reports and regulations)

Research Plan
for Arsenic

in Drinking Water,
February 1998
(USEPA, 1998)

International Expert
Workshop,

August 1995
(Chinn, 1995)

Proposed Arsenic Rule,
June 22, 2000
(USEPA, 2000a)

Arsenic Final Rule,
Jan. 22, 2001
(USEPA, 2001)

1994 1995 1996 1997 1998 1999

2000 2001 2002 2003 2004 2005

2006

Stage 2 M/DBP AIP, Proposed LT2ESWTR,

Dec. 29, 2000 Aug. 11, 2003
(USEPA, 2000b) (USEPA, 2003a)
Expert Workshop on Research Plan for Microbial Proposed
Microbial and DBP Pathogens and DBPs Stage 2 D/DBPR,
Research Needs, in Drinking Water, Aug. 18, 2003

Jan. 20, 1994
(Bellamy & McGuire, 1994)

November 1997 (USEPA, 2003b)

(USEPA, 1997)

AIP—Agreement in principle, DBP—disinfection by-product, D/DBPR—Disinfectants/Disinfection Byproducts Rule,
LT2ESWTR—Long Term 2 Enhanced Surface Water Treatment Rule, M/DBP—microbial/disinfection by-product,
USEPA—US Environmental Protection Agency

Final Stage 2
D/DBPR,

Jan. 4, 2006
(USEPA, 2006a)

Final LT2ESWTR,
Jan. 5,2006
(USEPA, 2006b)
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PAST RESEARCH PLANNING HAS
CENTERED ON FIVE APPROACHES

Research approaches are as varied
as the organizations and researchers
invelved. Organizations and institu-
tions in drinking water research can
be generally divided into two catego-
ries: funders and researchers, with
some organizations and institutions
falling under both categories. Funders
include Congress, the USEPA, the
Water Research Foundation, and fed-
eral agencies such as the Centers for
Disease Control and Prevention, the
National Institutes of Health, the US
Geologic Survey (USGS), and the
National Science Foundation.
AWWA’s Water Industry Technical
Action Fund provides financial sup-
port for targeted regulatory data col-
lection and analysis (such as the
analysis for the current study). In
addition to researchers in academia,
consulting, and some of the larger
water utilities, research contributions
also come from international entities
such as United Kingdom Water Indus-
try Research (London), Kiwa Water
Research (Rijswijk, The Nether-
lands), the Australian Common-
wealth Scientific and Research Orga-
nization (Clayton, Victoria), the
Global Water Research Coalition
(London), and others. With growing
interest in total water management,
related water research is also con-
ducted by the Water Environment
Research Foundation (Alexandria,
Va.), the National Water Research
Institute (Fountain Valley, Calif.), the
WateReuse Foundation (Alexandria,
Va.), and other organizations.

The diversity in the drinking
water research community and its
institutional research approaches
make prioritizing and coordinating
drinking water research a challenge.
To prioritize and coordinate research,
participants in drinking water re-
search typically have relied on both
formal and informal mechanisms
(e.g., personal relationships resulting
in research planning discussions). As
an example of a slightly more formal
relationship, the Water Research
Foundation might include a repre-

sentative from USEPA’s Office of Re-
search and Development (ORD) on
the foundation’s Research Advisory
Council (RAC). On a more informal
level, researchers in a specific area
such as corrosion control usually
know each other and both compete
for and collaborate on corrosion
control research projects.

In some cases, however, the com-
plexities of the research issues or a
congressionally mandated regulatory
deadline necessitates a more struc-
tured approach to conduct the ap-
propriate research in a short period
of time. The following sections pro-
vide an overview of five past research
approaches: research council, re-
search partnerships, congressional
earmarks (i.e., provisions that direct
approved funds toward specific proj-
ects), regulated occurrence data re-
search, and surveys.

Research council approach leads to
cooperatively developed research
plans. One of the first and more
structured research approaches for
drinking water research was the M/
DBP Research Council. In that
research council process, a research
plan was cooperatively developed
between USEPA and AwwaRFE. Some
individual projects were funded by
one entity or the other, whereas
other projects were funded directly
by the council itself, which had a
funding pool to which both USEPA
and AwwaRF contributed.

The formation of this council was
an outcome from the first M/DBP
negotiated rulemaking in 1992-93
(Roberson et al, 1995). The 1993
regulatory-negotiation (reg-neg)
agreement contained specific research
language, with the research results to
be used as a building block for later
rulemaking that ultimately resulted
in the Stage 2 Disinfectants/Disinfec-
tion Byproducts Rule (D/DBPR)
(USEPA, 2006a) and the Long Term
2 Enhanced Surface Water Treatment
Rule (LT2ESWTR; USEPA, 2006b).
Language in the agreement detailed
clear research objectives with specific
timelines and a broad-based collab-
orative research effort. Item 12 of the
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agreement stated “Each party agrees
that additional research, particularly
on health effects, is needed to develop
sound regulations . . . ; supports a
cooperative research effort coordi-
nated by USEPA and AwwaRF and
directed by a committee [comprising]
USEPA, AwwaRF, and representa-
tives of the water supply, environ-
mental, health, consumer, local gov-
ernment officials, and state regulatory
parties . . . Each party also urges a
greater priority be given to such
research by such federal agencies”
(USEPA, 1994).

A research plan—typically the
starting point for this type of re-
search—was needed. The M/DBP
research planning effort started with
a workshop sponsored by AwwaRF
and AWWA’s Water Utility Council in
November 1993 to identify research
needs (Bellamy & McGuire, 1994).
The workshop report named 71
research tasks across the categories of
DBP health effects; DBP occurrence,
chemistry, and methods; DBP control
and treatment; microbial occurrence,
detection, and health effects; and
microbial control and treatment.
Workshop participants estimated a
research funding need of $47 million
to complete these tasks. Of the 71
research tasks, 36 were identified as
high priority, requiring an estimated
$35 million of the $47 total research
funding. In 1995, the workshop
report served as the starting point for
research implementation by the M/
DBP Research Council, which usually
met annually to plan and define its
research agenda. The USEPA eventu-
ally folded the report into a broader,
multiyear USEPA M/DBP research
plan (USEPA, 1997) that identified
125 research tasks, 87 of which were
categorized as high priority.

A followup M/DBP research plan-
ning effort sponsored by AwwaRF
was held July 2001. This report iden-
tified 77 research tasks with an esti-
mated funding need of $41 million
(MEC, 2001). Two items of interest
in this report should be noted. First,
the number of research tasks and the
funding needed in 2001 were compa-





rable to the numbers from 1993.
This does not mean that important
research was not conducted in the
years 1993-2001 but rather that the
research needs identified in 2001
reflected an evolution in the knowl-
edge about complex M/DBP issues.
The evolution of research and knowl-
edge may lead to more and more
research projects, similar to peeling
the layers of an onion. Second, the
2001 report (MEC, 2001) identified
nine distribution system research
tasks that along with the 2007 NRC
report (NRC, 2007), started the
drinking water community seriously
thinking about the complex distribu-
tion system research issues that were
ultimately reflected in the TCRDSAC
AIP (TRCDSAC, 2008).

Before the Stage 2 D/DBPR, the
LT2ESWTR, and the Arsenic Rule,
research had primarily been coordi-
nated through informal personal
relationships and more formal RAC
coordination as previously discussed.
The more formal council research
approach had its advantages and dis-
advantages. The specific language in
the 1993 reg-neg agreement spelled
out clear research objectives and the
use of a broad-based collaborative
research effort in order to ensure
“buy-in” by stakeholders in the
Stage 2 rulemaking. The November
1993 research planning workshop
jump-started the critical research,
allowing some research projects to
get under way. However, the M/DBP
Research Council was not charged
with tracking individual research
projects or analyzing how they fit
together over a long time period.
The stakeholders involved in the
Stage 2 rulemaking did not have a
clear picture of the status of the
overall M/DBP research plan. Addi-
tionally, the SDWA regulatory dead-
line for the Stage 2 rulemaking was
relatively aggressive, and much of
the necessary research was not com-
pleted in time for the rulemaking.
An analysis of the degree to which
research results and objectives were
incorporated into the final rules is
discussed later. One of the lessons

FIGURE 2
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learned from this approach was that
planning and executing research on
complex issues often take longer than
anticipated, even when the research-
ers are involved with setting the re-
search time frame. Another lesson
learned was that a more continuous
effort to monitor and track—and if
necessary, reprioritize—ongoing re-
search may be required to optimize
research results.
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Research partnerships also develop
cooperative research plans, but fund-
ing decisions are made independently.
An approach that was used for the
Arsenic Rule and is currently used
for the revised TCR is the research
partnership. Partnerships and coun-
cils typically have similar research
missions, goals, and objectives but
differ in that councils have a central-
ized source of funding whereas part-
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nerships do not. In a typical research
partnership, a research plan is coop-
eratively developed, and then each
research organization makes its own
prioritization decisions about which
projects in the research plan to fund.
Problems with these research part-
nerships have included the lack of a
common funding pool and USEPA’s
inability to make long-term specific
funding commitments.

Concern over arsenic health ef-
fects began in the early 1990s when
a draft revised risk assessment by
USEPA could have potentially driven
the arsenic standard down from 50
pg/L to a range of 3-0.03 pg/L. The
1996 SDWA amendments (USEPA,
1996a) mandated the following three
deadlines for the arsenic regulation:

e January 1997: Develop a com-
prehensive research plan to reduce
the uncertainty regarding arsenic
health effects.

e January 2000: Propose a re-
vised arsenic standard.

e January 2001: Finalize a revised
arsenic standard.

The development of an arsenic
research plan got off to running start
at a 1995 workshop sponsored by
AWWA, AwwaRFE, and the Associa-
tion of California Water Agencies,
which drew participation by both
national and international experts in
the field. The report from the work-

shop identified 31 research tasks with
an estimated overall funding need of
$19 million (Chinn, 1995). Of these
31 tasks, 10 were identified as high
priority and were estimated to require
$3 million of the $19 million total.
Later, USEPA folded this report into
its congressionally mandated arsenic
research plan (USEPA, 1998), which
identified 46 research tasks, 23 of
which were considered high priority.
The first arsenic research partner-
ship tackled a broad range of health
effects, analytical methods, and treat-
ment research. Individual research
projects were split between USEPA
and AwwaRF for research implemen-
tation. The second arsenic research
partnership (with Sandia National
Laboratories) focused on treatment
research because the revised arsenic
regulation had been finalized and
treatment solutions were needed.
The SDWA research plan deadline
accelerated the completion of an
arsenic research plan. Development
of the arsenic research plan took only
two years, as opposed to four years
for the M/DBP research plan. The
arsenic research plan was less exten-
sive and generally focused on a nar-
rower range of topics, such as ana-
lytical methods and treatment
research, which led to easier research
implementation. (A research topic
such as health effects takes more time

and is usually more controversial.) In
addition, congressional earmarks
were drivers for both of the research
partnerships, a factor that typically
speeds up the research process.
Congressional earmarks may drive
treatment research. When perchlorate,
a contaminant of concern, became an
issue in the San Gabriel Valley in
Southern California because of rela-
tively extensive groundwater con-
tamination in the area, personal con-
gressional contacts through the East
Valley Water District (EVWD) pro-
vided earmarked funds that enabled
EVWD, USEPA, and AwwaRF to
jointly sponsor several research proj-
ects. In this case, the US Department
of Defense and other responsible par-
ties potentially face significant
cleanup costs, depending on the level
of cleanup required. Optimizing
treatment and establishing the appro-
priate cleanup level depend on con-
ducting the appropriate research,
including health effects research.
The congressional earmark ap-
proach has advantages and disadvan-
tages. Earmarks can accelerate the
completion of critical research tar-
geted for a specific contaminant, and
the research results are typically im-
mediately applicable to the targeted
area(s). However, congressional ap-
propriators typically take a zero-sum
approach toward funding research,

TABLE 1  Research categories, prioritization, and number of research tasks for the Arsenic Rule
Arsenic Rule
Chinn (1995) USEPA (1998)

Research Category Number Research Category Number
Mechanisms in toxicity Risk assessment 5
Toxicology/metabolism/modeling Exposure 16
Epidemiology 13 Health effects 21
Treatment technologies 11 Risk management 4

Total 31 Total 46
Priority Number Priority Number
High 10 High 23
Medium 11 Medium 22
Low 10 Low 1
Total 31 Total 46

USEPA—US Environmental Protection Agency
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TABLE 2

Microbial/Disinfection By-product Rules

Research categories, prioritization, and number of research tasks for the Stage 2 D/DBPR and LT2ESWTR

Stage 2 D/DBPR LT2ESWTR
Bellamy and McGuire (1994) USEPA (1997) Bellamy and McGuire (1994) USEPA (1997)
Research Research Research Research
Category Number Category Number Category Number Category Number
Health effects 9 Health effects 17 Occurrence, detection, 17 Health effects 10
and health effects
Occurrence, 14 Exposure 18 Control and 14 Exposure 22
chemistry, and treatment
methods
Control and 17 Risk assessment 11 Risk assessment 3
treatment Risk management 8 Risk management 36
Total 40 Total 54 Total 31 Total 71
Priority Number Priority Number Priority Number Priority Number
High 24 High 39 High 12 High 48
Medium 5 Medium 14 Medium 9 Medium 22
Low 11 Low 1 Low 10 Low 1
Total 40 Total 54 Total 31 Total 71

D/DBPR—Disinfectants/Disinfection Byproducts Rule, LT2ESWTR—Long Term 2 Enhanced Surface Water Treatment Rule, USEPA—US Environmental Protection

Agency

with the end result that earmarks take
resources away from USEPA ORD’s
overall drinking water research pro-
gram and planning efforts.

Regulated occurrence data research
is an important component of determin-
ing potential exposure to a contaminant.
As one of the three essential criteria
for starting the regulatory develop-
ment process, occurrence data (and
their collection) are commonly in-
cluded in research plans. Section
1445(a)(1) of the SDWA gives USEPA
the regulatory authority to require
the collection of occurrence data of
unregulated contaminants (USEPA,
1996a). Typically occurrence data
sampling collection and analysis are
more straightforward than health
effects, experimental, laboratory,
field, or modeling research. As a
result, answering the question “What
is the national occurrence of x?” is
easier than determining “What are
the health effects of x?”

The M/DBP negotiated rulemak-
ing process previously discussed rec-
ognized the need for DBP and micro-
bial occurrence data to inform future
rulemakings for the Stage 2 D/DBPR
and LT2ESWTR. To meet this need,
USEPA finalized the Information Col-

lection Rule (ICR) as a mechanism to
collect water quality data, treatment
plant data, and DBP and microbial
occurrence data (USEPA, 1996D).
The ICR required the 296 systems
serving more than 100,000 people to
collect these data over 18 months in
1997 and 1998, which proved a sig-
nificant effort for the systems in-
volved. The monitoring cost for the
ICR was estimated at $73 million,
and the pilot-testing cost was esti-
mated at $45 million—-$76 million.
During the Unregulated Contami-
nant Monitoring Rule (UCMR) regu-
latory process, USEPA used its au-
thority on a cyclical basis (USEPA,
2007; 1999). Under the UCMR, all
large systems serving more than
10,000 people (approximately 3,300
systems) are required to conduct
quarterly monitoring for a specific list
of contaminants, and some systems
have additional screening survey
requirements. The first UCMR
(UCMR1) was published in 1999,
and systems were required to monitor
for 12 chemicals at an estimated cost
of $24 million. UMCR1 monitoring
results were used by USEPA in its
decision-making process for its sec-
ond round of regulatory determina-
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tions (USEPA, 2008a). Five contami-
nants monitored under the UCMR1
had no occurrence, so USEPA has
proposed not to regulate any of them.
The second UCMR (UCMR2) was
published in 2007, and the required
monitoring is ongoing (USEPA,
2007b). For the UCMR2, systems are
required to monitor for 25 chemicals
at an estimated cost of $30 million.
A basic advantage of the regulated
occurrence data research approach is
that the research will be conducted
simply because utilities must comply
with the regulation; the research is
not dependent on politics or budgets.
A second advantage is that the occur-
rence data are appropriately ana-
lyzed. Documentation of the data
collection effort and the data analysis
is important to demonstrate to utili-
ties (who paid for the research) that
their money was well spent. ICR data
have been summarized in book form
(McGuire et al, 2002) and used by
several graduate students as the basis
for their research (e.g., Zachman,
2005; Graziano, 2001; Seidel, 2000).
UCMR summaries are available on
the USEPA website (USEPA, 2008b).
The regulated occurrence data re-
search approach has generally proved
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FIGURE 4
by category in USEPA (1998)
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successful when the questions to be
answered (e.g., “What is the occur-
rence of x?”) are clearly defined
before the data are collected. Devel-

48

opment of national occurrence data
was the primary focus of the ICR,
UCMR1, and UCMR2, and that
objective has been met.

2009 © American Water Works Association

DECEMBER 2009 | JOURNAL AWWA «101:12 | PEER-REVIEWED | SEIDEL ET AL

On the other hand, when the
questions to be answered have not
been defined, the occurrence data
research approach can lead to collec-
tion of superfluous or unnecessary
data. Many of the data elements col-
lected during the ICR (such as veloc-
ity gradients for the flocculators at
all 500 ICR treatment plants) were
not used at all in the Stage 2 rule-
making. Other similar data were col-
lected because they were relatively
easy to obtain at the time and might
prove useful, not because it was
resolved before the collection effort
that the data were essential to
answering basic questions of con-
cern. This somewhat scattershot col-
lection has led to resentment by
some utilities regarding the regulated
occurrence data research approach.

Surveys offer another method of de-
veloping national occurrence data but
from a smaller number of sampling
locations. Surveys can be designed to
fill a specific need for occurrence
data or serve as a targeting approach
for more detailed occurrence moni-
toring in the future. One survey ap-
proach collects occurrence data at
statistically representative locations
as opposed to a census (regulated
occurrence data).

The Water Research Foundation
has supported several surveys to
develop national occurrence data.
Other examples of the survey approach
are the ICR Supplemental Surveys,
which collected occurrence data using
an improved Cryptosporidium ana-
lytical method that was not widely
available at the time that large utilities
started monitoring. The USGS Na-
tional Water Quality Assessment
(NAWQA) surveys representative
watersheds; NAWQA results can be
used as a starting point for under-
standing source waters, with the
caveat that USGS uses state-of-the-art
analytical methods in research labora-
tories that are not commercially avail-
able for widespread monitoring.

As part of its reregistration re-
quirements, the USEPA Office of
Pesticide Programs (OPP) sometimes
requires registrants (i.e., manufac-





turers) to conduct monitoring in
watersheds where their product is
widely used. For example, OPP has
required the manufacturers of ace-
tochlor and atrazine to conduct
monitoring, and the results of that
monitoring will eventually be used
by the agency’s Office of Ground
Water and Drinking Water
(OGWDW) in its regulatory develop-
ment process. The challenge in using
such survey approaches is ensuring
their usefulness in the OGWDW
regulatory development process.

ANALYSES FOCUSED ON FOUR
PLAN DOCUMENTS AND THREE
REGULATIONS

In the current research, retrospec-
tive analyses were conducted to eval-
uate the extent to which the results
and objectives specified in research
plan tasks were incorporated into
regulatory development. The first
step of the analyses involved investi-
gating the research plan documents
that were written to support the de-
velopment of the Arsenic Rule
(USEPA, 2001), the Stage 2 D/DBPR
(USEPA, 2006a), and the LT2ESWTR
(USEPA, 2006b). Two plans were
evaluated for both the Arsenic Rule
and the M/DBP rules—one authored
by industry experts and another
authored by USEPA, with several
experts participating in the develop-
ment of both types of plans.

For the Arsenic Rule, the authors
looked at “Research Needs Report:
Arsenic in Drinking Water” (Chinn,
1995) and “Research Plan for Arse-
nic in Drinking Water” (USEPA,
1998). For the Stage 2 D/DBPR and
LT2ESWSR, the authors evaluated
“Report From Expert Workshop on
Microbial and Disinfection By-prod-
ucts Research Needs” (Bellamy &
McGuire, 1994) and “Research Plan
for Microbial Pathogens and Disin-
fection By-products in Drinking
Water” (USEPA, 1997). Each of these
documents was intended to provide a
work plan for developing the key sci-
entific and technical information
needed to craft sound regulations for
the Arsenic Rule or M/DBP rules.
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Figure 1 shows the time line for
the research plans as well as rule-
making process milestones. The
Arsenic Rule research planning time
line began with the international
expert workshop held May 31-June
2, 1995, with the associated report
published in August 1995 (Chinn,
1995). This was followed by the
release of USEPA’s Research Plan for
Arsenic in Drinking Water in Febru-
ary 1998 (USEPA, 1998). The Pro-
posed Arsenic Rule was issued in
June 2000, and the Final Arsenic
Rule was issued in January 2001.
Only five years separate the interna-
tional expert workshop research
plan and the Proposed Arsenic Rule,
and only two-and-a-half years sepa-
rate the USEPA arsenic research plan
from the proposed rule. As noted
previously, this compressed schedule
limited the incorporation of research
plan results and objectives in the
proposed and final rules.

For the M/DBP rules, the time
frame for conducting the research
tasks identified in the report from
the expert workshop of Nov. 3-5,
1993 (Bellamy & McGuire, 1994)
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was more than nine years to the pro-
posed rules and almost six years for
the research tasks identified in the
USEPA research plan (USEPA, 1997).
However, much of the M/DBP rule
framework development occurred
during the Federal Advisory Com-
mittee Act negotiations that resulted
in the Stage 2 M/DBP AIP in 2000
(USEPA, 2000b), nearly three years
before the proposed rules were
issued. The following sections dis-
cuss the effect of research plan tim-
ing on the incorporation of research
plan tasks results and objectives into
the final rules.

Study approach summarized. The
authors reviewed each research plan
document and identified and cata-
logued every research task in a com-
piled spreadsheet. Specific infor-
mation catalogued included the
originating research plan, a descrip-
tion of the research task objective, the
assigned priority level, the assigned
estimated funding (if available), and
the anticipated research task time
line. The numbers of research tasks
identified and listed for the two
arsenic research plan documents are
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FIGURE 7 Extent of research results and objectives incorporated into

Stage 2 D/DBPR by category in Bellamy and McGuire (1994)
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Protection Agency

shown in Table 1. Research tasks
identified and listed for the two
M/DBP plans are shown in Table 2.

M/DBP research tasks have been
catalogued according to their rele-
vance to the M/DBP regulation. As
shown in Table 2, of the 71 research
tasks identified in the November
1993 workshop (Bellamy &
McGuire, 1994), 40 have been cat-
alogued under the Stage 2 M/DBP
and 31 under the LT2ZESWTR. Sim-

ilarly, of the 125 research tasks
identified in the USEPA’s M/DBP
research plan (USEPA, 1997), 54
have been catalogued under the
Stage 2 M/DBP and 71 under the
LT2ESWTR.

Tables 1 and 2 also identify the
research tasks on the basis of their
objectives and relevant fields of study.
In some cases, the authors of the
respective research plans divided
research tasks into subtasks; in these
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instances, each subtask was regarded
as an independent task for analysis.
The research plan authors prioritized
research tasks as “high,” “medium,”
or “low” or “1,” “2,” or “3,” ac-
cording to their anticipated impor-
tance in regulatory development. For
consistency, the current study used
the notations of high, medium, and
low. Complete information on
research project titles, objectives,
brief descriptions, and additional
data regarding specific research tasks
is available in the original documents
(USEPA, 1998; 1997; Chinn, 1995;
Bellamy & McGuire, 1994).

The final rules and supporting
documentation for the Arsenic Rule
(USEPA, 2001), Stage 2 D/DBPR
(USEPA, 2006a), and LT2ESWTR
(USEPA, 2006b) were thoroughly
studied to evaluate the incorporation
of research plan task results and
objectives into the final rules. Results
were defined as outcomes from
research tasks, and objectives were
the stated goals as written in the
research plans. In some cases, results
of completed research plan tasks
were directly incorporated into the
final regulations (e.g., results of
treatment technology assessments in
terms of treatment efficiency and
cost). In other instances, research
plan task results were not incorpo-
rated (e.g., research results were not
yet available at the time of the rule-
making), but the research task objec-
tives were satisfied and incorporated
into the final regulations. Inclusion
of research plan task objectives was
evaluated in this analysis to capture
the occasional circumstances in
which research plan task results were
not available or used but the final
regulation incorporated aspects of
the research task objectives. This
provided an opportunity to give
credit to research plans tasks that
were indirectly incorporated.

Research task results and objec-
tives were categorized in terms of
degree of incorporation:

e Incorporated refers to instances
in which research plan results or
objectives clearly directed the devel-





opment of the final rule or were iden-
tified in the final rule. Thus, if the
final rule included explicit language
about the research objectives or refer-
ences to journal articles describing
outcomes from the research tasks, the
objectives or results were considered
incorporated in the final rule.

e Partially incorporated refers to
instances in which research plan
results or objectives partially directed
the development of the final rule or
were partially identified in the final
rule. This category included cases in
which research tasks contributed to
the negotiation processes between
the stakeholders and the USEPA and
were influential in the regulatory
development in meaningful ways.

e Unincorporated refers to in-
stances in which research plan results
or objectives did not direct the devel-
opment of the final rule and were
not identified in the final rule.

As an example, the “Report From
Expert Workshop on Microbial and
Disinfection By-products Research
Needs” included a research task titled
“Nationwide Impact of Granular
Activated Carbon (GAC) Implemen-
tation,” which was to “evaluate the
nationwide impact of GAC imple-
mentation based upon previous
AwwaRF field GAC research and
treatability results from the Informa-
tion Collection Rule” (Bellamy &
McGuire, 1994). The results and
objectives of this research task were
directly incorporated into the Stage 2
D/DBPR discussion identifying GAC
as a best available technology (BAT)
in which USEPA “examined BAT
options first by analyzing data from
the Information Collection Rule
treatment studies designed to evalua-
tion the ability of GAC. .. to remove
DBP precursors” (USEPA, 2006a). As
another example, unincorporated
research tasks in “Research Plan for
Microbial Pathogens and Disinfec-
tion By-products in Drinking Water”
(USEPA, 1997) included those
focused on distribution system issues
that were excluded from the Stage 2
D/DBPR and LT2ESWTR, with the
intent to address those distribution

FIGURE 9
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system issues during the anticipated
future TCRDSAC.

The extent to which research task
results and objectives were directly
incorporated into final rules and
influenced regulatory development
can be difficult to discern. The
authors attempted to follow the
aforementioned criteria as closely as
possible in categorizing research tasks
and based their decisions on detailed
analysis of the associated documents
as well as their personal involvement
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in the research planning and regula-
tory negotiation and rulemaking
activities. Additional experts (par-
ticularly Stig Regli of the USEPA
OGWDW) provided assistance in
classifying research tasks that were
not familiar to the authors. Given this
approach, a certain level of subjectiv-
ity and uncertainty was inevitable,
and there could be variability and
“uncertainty” in reproducing the
results if others were to take the same
approach during their evaluation.
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FIGURE 10 Extent of overall research results and objectives incorporated
into the LT2ESWTR shown as number and percentage
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FIGURE 11 Extent of research results and objectives incorporated into the LT2ESWTR
by category in Bellamy and McGuire (1994)
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RESULTS AND DISCUSSION
Arsenic Rule results indicated
majority of research task results and
objectives were not incorporated. The
overall extent to which research task
results and objectives were included

in the final Arsenic Rule is summa-
rized in Figure 2 for both Chinn
(1995) and USEPA (1998). As shown
in the top part of the figure, 11 of 31
(35%) research tasks in Chinn
(1995) and 15 of 46 (33%) research
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tasks in USEPA (1998) produced
results that were either incorporated
or partially incorporated into the
final Arsenic Rule. As shown in the
bottom part of the figure, research
task objectives were included at
slightly higher rates, i.e., 48% of
research task objectives identified in
Chinn (1995) and 37% of those in
USEPA (1998) were either incorpo-
rated or partially incorporated into
the final rule.

As shown in Figure 3 for Chinn
(19935), research tasks in the mecha-
nisms of toxicity category did not
produce results that were incorpo-
rated into the final Arsenic Rule. In
contrast, 38% (5 of 13) and 36% (4
of 11) of research task results in the
epidemiology and treatment catego-
ries were incorporated or partially
incorporated into the final rule, and
66% (2 of 3) research task results in
the toxicology category were incor-
porated or partially incorporated.

As shown in Figure 4 for USEPA
(1998), research task results in the
categories of risk assessment (80%,
4 of 5) and risk management (100%,
4 of 4) were more incorporated or
partially incorporated than those in
the categories of exposure (25%, 4
of 16) and health effects (14%, 3 of
21). Although the numbers of re-
search task results incorporated or
partially incorporated were similar
by category, the percentage incorpo-
rated was largely influenced by the
number of research tasks by cate-
gory. The extent that research objec-
tives were incorporated into the final
Arsenic Rule was similar to that for
research results.

The effect of research task pri-
oritization was also examined. As
shown in Figure 5, part A for Chinn
(1995), about the same numbers of
research tasks were prioritized as
high, medium, and low. High-prior-
ity research tasks produced more
results that were incorporated or
partially incorporated (50%, 5 of
10), compared with research tasks
considered medium priority (27%,
3 of 11) or low priority (30%, 3 of
10). As shown in Figure 5, part B,





USEPA (1998) assigned all but one
research task as either high (23 of
46) or medium priority (22 of 46).
Of the high-priority research tasks,
52% (12 of 23) had results incorpo-
rated or partially incorporated into
the final rule. For research tasks
designated medium priority, the
percentage of results incorporated
or partially incorporated dropped
to 14% (3 of 22). The single low-
priority research task was unincor-
porated. Findings from both Chinn
(1995) and USEPA (1998) suggest
that research task priority influ-
ences the likelihood of tasks being
incorporated into final rules. How-
ever, the bias toward high- and
medium-priority rankings by USEPA
(1998) could have skewed results,
and the effectiveness of prioritiza-
tion may be more limited than
results suggest.

The USEPA arsenic research plan
(1998) indicated the anticipated
completion date for each research
task, from fiscal year (FY) 1997 to
2002, whereas Chinn (1995) did not
specify anticipated completion dates.
The draft Arsenic Rule was pub-
lished in June 2000, and the final
Arsenic Rule was published in Janu-
ary 2001. Although all of the
research tasks with incorporated
results (8 of 8) from USEPA (1998)
had an anticipated completion date
of FY2000 or earlier (i.e., before the
final rule), not all research tasks with
an anticipated completion date of
FY2000 or earlier were incorpo-
rated. However, research tasks that
are not planned for completion
before the rule is finalized have little
to no chance of producing incorpo-
rated results.

Stage 2 D/DBPR analysis showed
higher percentages of research tasks
incorporated. The overall extent
to which research task results
and objectives were incorporated
into the Stage 2 D/DBPR is sum-
marized in Figure 6 for Bellamy
and McGuire (1994) and USEPA
(1997). Compared with the Arsenic
Rule research plans, these research
plans showed higher incorpora-

tion of both research task results
and objectives. This may reflect the
longer time between the planning
activities and proposed rule for the
Stage 2 D/DBPR (six to nine years),
compared with the Arsenic Rule
(two to five years). For instance, 45 %
(18 of 40) and 72% (39 of 54) of
research tasks produced results that
were incorporated or partially in-
corporated into the Stage 2 D/DBPR
rule for Bellamy and McGuire (1994)
and USEPA (1997), respectively, com-
pared with 35% (Chinn, 1995) and
33% (USEPA, 1998) for the Arsenic
Rule. The numbers for the Stage 2
D/DBPR were higher for research
objectives, compared with those for
the Arsenic Rule.

The extent of incorporation was
consistent for individual categories in
the Bellamy and McGuire (1994)
research plan. As shown in Figure 7,
43-47% of research tasks produced
results that were incorporated or
partially incorporated into the Stage
2 D/DBPR across the three catego-
ries. As shown in Figure 8, the trend
was similar for the USEPA (1997)
plan, with between 67 and 76% of
research tasks producing results that
were incorporated or partially incor-

porated for each of the four catego-
ries. In both research plans, no single
research category resulted in substan-
tially different incorporation of
results and objectives than the
research plans as a whole.

In terms of research priority, the
Bellamy and McGuire report (1994)
designated 60% of research tasks as
high priority (Figure 9, part A), and
USEPA (1997) designated 72% of
research tasks as high priority (Fig-
ure 9, part B). For the research plan
reported by Bellamy and McGuire,
89% (16 of 18) of research tasks
that produced incorporated or par-
tially incorporated results were des-
ignated high priority. For the USEPA
research plan, 82% (32 of 39) of
research tasks that produced incor-
porated or partially incorporated
results were designated high priority.
Prioritization clearly influenced the
extent of incorporation in the final
Stage 2 D/DBPR.

LT2ZESWTR analysis found mixed
results for incorporation of research
tasks. The overall extent to which
research results and research objec-
tives were incorporated into the final
LT2ESWTR is summarized in Figure
10. As shown, 65% (20 of 31) of

[ Incorporated

M Partially Incorporated

M Unincorporated
40
35
30 -
25

20

Research Task

15

10

N 2

~

FIGURE 12 Extent of research results and objectives incorporated
into the LT2ESWTR by category in USEPA (1997)

) ‘

Health Effects

Exposure

Results
Objectives
Results

Objectives

Results E‘ﬂ
Objectives ﬁﬂ

Risk Management

Risk Assessment

Results
Objectives

LT2ESWTR—Long Term 2 Enhanced Surface Water Treatment Rule,
USEPA—US Environmental Protection Agency

2009 © American Water Works Association

SEIDEL ET AL | PEER-REVIEWED | 101:12 « JOURNAL AWWA | DECEMBER 2009 53





FIGURE 13 Extent of research results and objectives incorporated into the LT2ESWTR

by priority
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research tasks specified in Bellamy
and McGuire (1994) and 52% (37
of 71) of research tasks listed in
USEPA (1997) produced results that
were incorporated or partially in-
corporated into the final rule. As
expected, objectives were incorpo-
rated at higher rates than results for
both research plans. An examina-
tion of Figures 6 and 10 shows that
more of the LT2ESWTR research
results and objectives from the Bel-

lamy and McGuire (1994) report
were incorporated compared with
Stage 2 D/DBPR results and objec-
tives and that more of the Stage 2
D/DBPR research results and objec-
tives of the USEPA (1997) plan were
incorporated compared with
LT2ESWTR results and objectives.
As with Stage 2 D/DBPR research
task results and objectives, more of
the LT2ESWTR research task results
and objectives were incorporated into
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the final rule compared with research
task results and objectives incorpo-
rated into the Arsenic Rule (Figure 2).
Again, this likely is a result of the lon-
ger time between the planning and the
proposed rule for the LT2ZESWTR.

As shown in Figure 11, the Bel-
lamy and McGuire report (1994)
divided research tasks into two fairly
even categories. In the category of
occurrence, detection, and health
effects, 76% (13 of 17) of research
tasks produced results that were
incorporated or partially incorpo-
rated into the final rule, whereas 50%
(7 of 14) of research tasks in the cat-
egory of control and treatment pro-
duced results that were incorporated
or partially incorporated into the
final rule. The percentage of research
objectives in the control and treat-
ment category incorporated into the
final rule was substantially higher at
86% (12 of 14). As shown in Figure
12, risk management constituted the
largest category in the USEPA
research plan (1997) with 36 re-
search tasks, followed by exposure
with 22 research tasks. As shown in
the figure, 42% (15 of 36) of re-
search tasks in the risk management
category and 50% (11 of 22) of
research tasks in the exposure cate-
gory produced results that were
incorporated or partially incorpo-
rated into the LT2ESWTR. In com-
parison, research tasks in the health
effects and risk assessment categories
were incorporated or partially incor-
porated at higher rates—90% (9 of
10) and 66% (2 of 3), respectively.

In terms of research prioritization,
the research plan reported by Bellamy
and McGuire (1994) assigned priori-
ties to the research tasks fairly evenly.
As shown in Figure 13, part A, the
percentage of research tasks with
results incorporated into the
LT2ESWTR was similar among the
three priorities. In contrast, USEPA
(1997) designated 68% (48 of 71) of
research tasks as high priority (Figure
13, part B). Of the 37 research tasks
with results included, 27 (73%) were
assigned high priority, indicating the
effect of prioritization.





CONCLUSION

The retrospective analyses under-
taken in this research helped to bet-
ter ascertain the extent to which
research plan task results and objec-
tives were incorporated into the final
Arsenic Rule, the Stage 2 D/DBPR,
and the LT2ESWTR. Results indi-
cated that incorporation of results
and objectives depended on the rule.
Results and objectives of research
tasks from the M/DBP research plans
(USEPA, 1997; Bellamy & McGuire,
1994) were incorporated into the
final M/DBP rules at higher rates than
research task results and objectives
from the arsenic research plans
(USEPA, 1998; Chinn, 1995) were
incorporated into the final Arsenic
Rule. This finding may be attributed
to the research council approach used
for the M/DBP rules, compared with
the research partnership approach
used for the Arsenic Rule, as well as
to the longer time frame from research
plan to final rule for the M/DBP rules
compared with the Arsenic Rule.
Many of the unincorporated research
plan tasks from the arsenic research
plans would likely have been incorpo-
rated into the final rule had the
research been completed in time.

There was general agreement in
the incorporation of results and objec-
tives between research plans by rule,
i.e., the Chinn (1995) research plan
tasks and the USEPA (1998) research
plan tasks were incorporated at simi-
lar rates. Several individuals from the
drinking water community (e.g., aca-
demia, USEPA, AWWA) participated
in the development of both research
plans for a given rule, and their par-
ticipation added consistency to the
research tasks included.

Incorporation of research task re-
sults and objectives typically was
dependent on research category; how-
ever, incorporation was consistent
across all categories for the Stage 2 D/
DBPR research plan tasks. In general,
research tasks associated with treat-
ment were incorporated more often
than those focusing on occurrence.
Health effects research tasks were
generally the least likely to be incor-

porated, reflecting the increasing level
of complexity from treatment to
health effects research.

Incorporation of results and objec-
tives was dependent on the assigned
research task priority. High-priority
tasks were more likely to be incorpo-
rated into the final rules, but incorpo-
ration was not guaranteed for all
high-priority tasks. The bias toward
assigning higher priority to all re-
search tasks in the USEPA arsenic
research plan (1998) demonstrated
the potential of limiting the effective-
ness of prioritization if all tasks are
designated high priority.

Results from the USEPA research
plans confirmed that research tasks
with an earlier completion schedule
were more likely to have results and
objectives incorporated than those
tasks scheduled for completion after
the rule development process or not
assigned a completion schedule. The
Chinn (1995) and Bellamy and
McGuire (1994) research plans did not
specify anticipated completion dates.

RECOMMENDATIONS

Research is an essential compo-
nent in developing national drinking
water regulations. Findings of the
current project point to lessons learned
that future regulatory development
efforts would do well to consider.

Research plan tasks should focus
on rule development needs. Research
plans written specifically to develop
the key scientific and technical infor-
mation required to craft sound regu-
lations should focus on rule develop-
ment needs. Stakeholders involved in
the regulatory development process
must be realistic about what research
can achieve and what scientific and
technical questions it can answer as
well as those policy questions it can-
not resolve. Research may be able to
definitively answer challenging sci-
entific questions in some cases, but
in many cases it cannot.

Research plan tasks should be con-
strained by available funding and tim-
ing. Stakeholders must be realistic
about the funding and time frame
required to conduct the planned
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research. In some cases, regulatory
deadlines were set that precluded
the completion of all of the neces-
sary research (as pointed out in the
retrospective analyses presented
here), and yet the regulations were
developed and are being imple-
mented. This does not infer that
research completed after a rule is
finalized is not of general value
(e.g., rule review), only that it has
diminished value in the rule devel-
opment process. Research planning
to support rule development should
practically address both scheduling
and funding needs for planned
research activities.

Although the current project
achieved its goal of discerning the
extent to which research plan tasks
results and objectives were incorpo-
rated into the final Arsenic Rule and
M/DBP rules, additional iterations of
these analyses are recommended to
answer questions that remain.

e Are the appropriate research
questions being asked in terms of
content and goals?

e Is the research planning ap-
proach working, or does it need
improvement?

¢ How would rule development
differ if all research tasks were com-
pleted and available to influence the
final rules?

¢ How did research not included in
research plans affect the final rules?
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Ms. Sue Shallal

Science Advisory Board

U.S. Environmental Protection Agency

Mail Code: 1400F

1200 Pennsylvania Ave., NW

Washington, DC 20460

Dear Ms. Shallal:

We are pleased to grant permission to reproduce the following AWWA material:

"Incorporation of Research Plan Results Into Regulatory Policy," published in Journal
AWWA, Vol. 101, No. 12 (December 2009), by the American Water Works Association.

Reproduction is authorized for the following stated purpose:
Distribution to interested parties and posting on the EPA Science Advisory Board's
website to help inform the SAB's discussion of a new IRIS hazard assessment for
arsenic.
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Reprinted from Journal AWWA, Vol. 101, No. 12, by permission. Copyright © 2010,
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