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MAJOR CONCLUSIONS AND RECOMMENDATIONS

Major Conclusions

* Water-quality monitoring information is used to pro-
tect human health, to preserve and restore healthy
ecological conditions, and to sustain a viable
economy.

* Tens of thousands of public and private organizations
monitor water quality for a wide variety of objec-
tives.

* Total annual expenditures in the public and private
sectors to control water pollution are tens of bil-
lions of dollars and climbing. Monitoring is nec-
essary to judge the effectiveness of these
investments.

* Inthe last decade, it has become clear that monitoring
activities need to be improved and integrated bet-
ter to meet the full range of needs more effec-
tively and economically.

* A new monitoring approach is required to target
water-pollution-control resources to priority con-
cerns and to evaluate the effectiveness of actions
taken to prevent or remediate problems. A better
balance of ambient and compliance monitoring is
needed.

Major Recommendations
Work Together

* Incorporate monitoring as a critical element of pro-
gram planning, implementation, and evaluation.

* Use collaborative teams comprised of monitoring
organizations from all levels of government and
the private sector to plan and implement monitor-
ing improvements in geographic areas. Include
volunteer monitoring efforts in these teams.

* Establish a National Water Quality Monitoring Coun-
cil with representation from all monitoring sec-
tors to develop guidelines for voluntary use by
monitoring teams nationwide, to foster technol-
ogy transfer and training, and to coordinate plan-
ning and resource sharing (Technical Appendix
O).

* Link national ambient water-quality-assessment pro-
grams.

Share Data

* Agree on sets of widely useful key physical, chemical,
and biological indicators to support

interjurisdictional aggregations of comparable
information for decisionmaking across many
scales (Technical Appendixes D and E).

* Use metadata standards to document and describe
information holdings and to help secondary users
judge whether data are useful for their applica-
tions.

* Link information systems to provide easier access by
a variety of users to available holdings.

Use Comparable Methods

* Jointly develop and adopt for common use indicator
and data-element names, definitions, and formats
(Technical Appendix M).

* Implement a performance-based monitoring methods
system to achieve comparable data, more flexible
use of monitoring methods, and more cost effec-
tive monitoring (Technical Appendixes I, N, O).

* Jointly establish reference conditions or sites for
shared use in biological and ecological assess-
ments and comparisons. Reference conditions are
critically needed to establish baseline conditions
against which other water bodies or habitats can
be evaluated (Technical Appendixes F and G).

Monitoring Program Goals and Designs

* Design water-quality-monitoring programs and select
indicators to measure progress in meeting clearly
stated goals for aquatic resources, including State
standards for designated uses (Technical Appen-
dix B).

* Use flexible monitoring program designs tailored to
the conditions, uses, and goals for water
resources in specific area [table 2 (Final Report)].

» Use watersheds, ground-water basins, ecosystems, or
other natural boundaries as planning and evalua-
tion units for monitoring.

* Periodically evaluate monitoring efforts to ensure that
they continue to meet management goals cost
effectively. Use the framework presented in
Technical Appendix B.

Report Findings

* Regularly interpret, assess, and report measure-
ments and raw data for use by the public and -
decisionmakers.
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The Strategy for Improving Water-Quality Monitoring in the United States—

Summary

INTRODUCTION

The Intergovernmental Task Force on
Monitoring Water Quality (ITFM) prepared this report
in collaboration with representatives of all levels of
government and the private sector. The report
recommends a strategy for nationwide water-quality
monitoring and technical monitoring improve-ments to
support sound water-quality decision-making at all
levels of government and in the private sector. Within
the nationwide strategy, individual monitoring
programs would pursue their own goals and activities,
and they would be better able to use information from
other sources to support their specific needs. Also, users
with responsibilities that cross jurisdictions would be
better able to aggregate information from other sources
to improve coverage for larger areas.

Water-quality information is used to protect
human health, to preserve and restore healthy ecologi-
cal conditions, and to sustain a viable economy. The
strategy is intended to achieve a better return on public
and private investments in monitoring, environmental
protection, and natural-resources manage-ment. The
strategy also is designed to expand the base of informa-
tion useful to a variety of users at multiple geographic
scales. The collaborative process used by the ITFM
already has saved millions of dollars. As the strategy is
implemented, taxpayers and resource managers will get
better answers to the following questions:

» What is the condition of the Nation's surface,
ground, estuarine, and coastal waters?

* Where, how, and why are water-quality conditions
changing over time?

* Where are the problems related to water quality?

What is causing the problems?

* Are programs to prevent or remediate problems work-
ing effectively?
* Are water-quality goals and standards being met?

Answering such questions is a key issue because
total expenditures in the public and private sectors on
water-pollution control are tens of billions of dollars
every year and climbing (U.S. Environmental Protec-
tion Agency, 1990).

Water-pollution control became a major
environmental priority during the last three decades,
and in response, water-quality monitoring expanded
rapidly in the public and private sectors. Today, tens of

thousands of public and private organizations moni-tor
water quality for a wide variety of objectives.

At the same time monitoring has expanded,
water-management programs have matured to encom-
pass not only point-source, but also nonpoint-source
pollution control for surface and ground waters. Point
source, or “end of pipe,” monitoring is different from
nonpoint-source monitoring. By definition, nonpoint
sources of pollution are diverse and more difficult to
isolate and quantify. Monitoring to support nonpoint-
source-pollution control requires a more comprehensive
understanding of natural systems and the impacts of
human activities, such as agriculture or urban land uses,
on natural systems. Therefore, the importance of com-
prehensively managing water and related systems
within natural geographic boundaries, such as water-
sheds, is now widely recognized. In the last decade, it
has become clear that monitoring activities need to be
improved and integrated better to meet the full range of
needs more effectively and economically.

Fortunately, technology has advanced during the
last 25 years. A monitoring strategy can now be sup-
ported that will answer complex questions and that tar-
gets scarce resources to priority problems within
watersheds, ecosystems, and other relevant geographic
settings.

Institutional and technical changes are needed to
improve water-quality monitoring and to meet the full
range of monitoring requirements. Monitoring needs to
be incorporated as a critical element of program plan-
ning, implementation, and evaluation. The ITFM, there-
fore, recommends a strategy for nationwide, integrated,
voluntary water-quality monitoring.

STRATEGY AND RECOMMENDATIONS

The key elements of this strategy and the
associated recommendations are described below.

Goal-Oriented Monitoring and Indicators

* Design water-quality-monitoring programs to mea-
sure progress in meeting clearly stated goals for
aquatic resources. These goals include public
health, ecosystem, and economic objectives.
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» Choose water-quality indicators jointly by participat- ¢ Evaluating the effectiveness of federally

ing organizations by using criteria identified by funded programs.
the ITFM to measure progress toward goals. * Link Federal ambient water-quality-assessment pro-
grams by:

¢ Meeting at least annually to share informa-
tion that results from federally funded
assessment efforts and to coordinate future
plans.

¢ Identifying opportunities to collaborate and
share resources.

* Considering an Executive order to implement
Federal aspects of the strategy.

Gather and Evaluate Existing Information

» Characterize current water-quality conditions by
using available information. If possible, map the
conditions by using geographical information
systems and include the actual locations of and
reasons for impaired waters. Impaired waters
are those that do not meet water quality stan-
dards. Also, map special-protection waters,
which include, for example, endangered species
habitats.

» Use River Reach File 3 to locate and georeference

¢ State and Tribal Program

Alter the 305(b) period for reporting from every 2
years to every 5 years, or, if no legislative

surface waters.

» After evaluating existing information, identify moni-

toring gaps and rank them by priority. Gaps that
are lower priority and that could not be moni-
tored within available resources need to be

change is made, design the reporting so that
States would cover their waters in a linked
series of three successive reports covering 6
years. Electronic annual updates will be pro-
duced as needed.

Through State and Tribal leadership in cooperation
with representatives of Federal, local, and pri-
vate monitoring organizations within their juris-
dictions, establish and maintain teams that
would design and implement water-quality-mon-
itoring improvements.

* To the extent possible, build on existing collabora-

tive mechanisms to implement the strategy.

* For planning and reporting, use river or ground-
water basins, watersheds, ecosystems and other
areas that have natural, rather than political,
boundaries.

Use an agreed upon initial set of key physical, chemi-
cal, and biological parameters to measure the
attainment of designated uses set in State water-
quality standards.

» Using guidance prepared at the national level,

include as a subset of the initial parameters a set

of core indicators that would support interstate
and national aggregations of comparable infor-
mation.

clearly acknowledged.

Flexible And Comprehensive Monitoring

 Use a flexible monitoring design, including public
and private groups, to assess ambient waters
nationwide comprehensively by using a water-
shed-based rotational schedule of 5 to 10 years.

* Tailor monitoring designs based on the conditions of
and uses and goals for the waters.

Institutional Collaboration

* Establish closer working relations among the full
range of public and private organizations that
monitor and use water-quality information. The
ITFM recommends the following:

* National/Federal Programs

* Working with representatives from all levels of gov-
ernment and the private sector, support the
implementation of the strategy nationwide by:

» Developing and distributing guidance.
» Sponsoring technology transfer.
* Jointly planning programs.

* Identifying opportunities to collaborate and
share resources.

Watersheds and Local Jurisdictions

* Work with and provide tools and information to
watershed and other geographic area managers
to facilitate assessment and management of
waters and to resolve water quality problems.

Include county and municipal representatives in the
implementation of the Strategy at all stages.
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Compliance and ambient monitoring coordination

Develop, test, and institutionalize methods to
integrate ambient and compliance informa-tion
to better support decisionmaking. Also, make
ambient information more available to the
compliance monitoring community.

Made available to the public in automated systems
compliance information that would generally be
useful.

Include minimum levels of quality-assurance (QA)
and quality-control (QC) information.

Begin efforts as pilot studies that involve appropriate
Federal, State, or Tribal agencies and the compli-
ance monitoring community.

Volunteer Monitoring

Include volunteer monitoring organizations as part-
ners when planning and implementing monitor-
ing efforts.

Develop clear guidance concerning quality assur-
ance, procedures for documenting information,
and monitoring methods.

Provide training for volunteers on monitoring tech-
niques, where feasible, through interagency col-
laboration.

Methods Comparability

Develop and implement technical recommendations
necessary to produce comparable data of known
quality that can be integrated from a variety of
sources across a variety of scales.

Through a consensus process, develop and adopt
standard data-element names and definitions.

Implement a performance-based methods system
(PBMS) to achieve comparable data and more
flexible use of appropriate monitoring methods.
An infrastructure at the national level is required
to support PBMS. ITFM recommends a Meth-
ods and Data Comparability Board (MDCB; see
“Implementation” section below).

Jointly establish reference conditions for shared use
in biological/ecological monitoring programs.

Information Automation, Accessibility, and
Utility

Automate data and information of general interest
and usefulness.

» Develop additional tools to facilitate information
searches and retrieval across data bases. One such
tool is a set of minimum data elements for sharing
existing data. ‘

* When existing water-quality-information systems are
being modernized or when new systems are being
developed, information from the new systems can
be easily shared by using:

Common data-element definitions and
formats.

An expanded set of recommended data ele-
ments or qualifiers (in addition to the mini-
mum data elements) to facilitate the
sharing and exchange of information.

Common references tables, such as taxo-
nomic and hydrologic unit codes, and
River Reach File 3 codes.

Metadata standards (metadata describes the
content, quality, condition, and other char-
acteristics of data. It helps secondary users
to judge whether the data would be useful
for other application.)

Facilitate the sharing of water-quality
information that would be useful to
secondary users, but that currently is not
readily available. For example, major
public-water suppliers have offered to share
such information holdings.

Share, and where advantageous, jointly
maintain ancillary data sets that are widely
used for water-quality purposes, such as land
use, land cover, demographics, and water
use.

Working with the Federal Geographic Data
Committee (FGDC) and other groups, use
standard data sets when they are available.
An example would be the River Reach File
3 that is being jointly developed and adapted
as part of the FGDC’s National Spatial Data
Infrastructure.

Use Internet and MOSAIC or other widely
recognized standard communications and
access systems when they are available.

Quality Assurance/Quality Control

*» Establish, for all monitoring programs, data-quality
objectives to identify the precision and accuracy
of data needed to achieve the monitoring goal.

» Save time and money by ensuring that:

QA/QC procedures and data are appropriate
to the purposes of the program.
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* Procedures are followed correctly.

¢ Procedures are documented with the data in
storage systems.

Assessment and Reporting

* Organizations will continue to assess and report their
own data for their own purposes. However,
increasingly, agencies need data from other
sources to understand and present their issues
more completely. The ITFM recommends that
reports be produced by lead agencies in close
collaboration with others. The contributing part-
ners should be acknowledged in the reports.

Regularly interpret and assess measurements and
raw data. Data should be collected only when
there is a specific assessment or other intended
use.

Develop additional interpretive and assessment meth-
ods and tools.

Inform resource managers, policymakers, the general
public, and others about environmental condi-
tions and problems.

Include the assessment techniques in the design of

the monitoring program so that the data col-
lected effectively supports the needed analysis.

Evaluation of Monitoring Activities

* Have collaborative teams from all organizations peri-
odically evaluate their monitoring activities and
programs to assure that needed information is
meeting current objectives in the most effective
and economical ways.

* Every 5 years evaluate progress toward implement-
ing the ITFM’s Strategy for nationwide monitor-
ing and document updates needed to the strategy.

Research and Development

* Identify needs for new or improved monitoring
techniques to support current and emerging
water-management and environmental protec-
tion requirements. The ITFM’s strategy is to
work closely with the National Science Founda-
tion, the National Council on Science and
Technology, and similar groups to ensure that
water-quality-monitoring research needs are con-
sidered in ranking national science priorities.

Training

* Promote training incorporating all organizations to:

* Transfer technology.

* Inform others about needed changes in moni-
toring planning and procedures.

» Achieve the QA and QC necessary to assure
scientifically sound information for deci-
sionmakers.

* Facilitate comparability of methods.

Pilot Studies

* Continue to use pilot studies to test the implementa-
tion of the ITFM proposals. The pilot studies are
needed to:

* Provide feedback to move from the strategy
to tactics for implementation.

* Provide information on implementation costs
and on the savings resulting from improve-
ments that are made.

Implementation

* Continue the concept of intergovernmental collabora-
tion for the development and use of monitoring
guidance and for technology transfer.

* Establish a National Water Quality Monitoring Coun-
cil representing all levels of government and the
private sector to guide the overall implementa-
tion of the strategy. Such a council is needed to:
* Ensure that technical support and program

coordination is maintained among partici-
pating organizations.

* Evaluate periodically the effectiveness of
monitoring efforts nationwide and account
for regional differences, such as between
arid and water-rich States.

* Revise the strategy as needed to ensure that
monitoring continues to meet changing
needs.

*» Establish an MDCB under the National Council to
identify methods needed to achieve nationwide
comparability for core information and to pro-
vide critical guidelines and collaboration to sup-
port the PBMS.

» Establish State or Tribal and, where needed, inter-
state monitoring and data teams to identify roles
and responsibilities and to facilitate collabora-
tive efforts. To the extent possible, use success-
ful existing groups.
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» Develop additional technical information and
guidelines to support ground-water, coastal
water, and wetland monitoring. Additional
guidelines are needed to ensure that the special
monitoring needs of these areas are fully
integrated into the nationwide strategy.

Funding

* Provide some Federal resources to help support pilot
studies in selected areas. The U.S. Environmen-
tal Protection Agency (USEPA) is providing a
total of $500,000 to selected States’s Tribes in
fiscal year (FY) 1995. In addition, the U.S. Geo-
logical Survey (USGS) will include the imple-
mentation of the ITFM’s Strategy as one of the
priorities of the Na-tional Water Resources
Research and Information System—Federal/
State Cooperative Program in FY 1995 and
beyond. The above funds are in addition to Fed-
eral money for monitoring already available to
States and Tribes through existing mechanisms
in a number of agencies, such as the USEPA
106 grants.

* Develop financial agreements among Federal agen-
cies to facilitate the efficient transfer of
resources and to maintain accountability needed
for joint monitoring and data projects. Where
appropriate, similar financial agreements with
State or Tribal agencies and other organizations
should be developed.

* Document cost savings, and other improvements that
result from collaboratively planning and imple-
menting monitoring activities.

INCENTIVES

For the nationwide strategy to succeed as a
voluntary effort, significant incentives and benefits must
exist for organizations that participate. The ITFM has
been encouraged by the many organizations that have
already provided significant staff support and have
pooled resources to develop the strategy and tools for
implementation. Organizations continue to express
interest in joining the collaborative effort. Some of the
incentives and benefits of participating are as follows:
* Agencies can significantly expand their scientific

information available for making internal deci-
sions at relatively little cost compared with col-
lecting additional data themselves. Adequate
information reduces uncertainty about the

results of proposed actions and increases man-
agement effectiveness.

Through collaboration with other organizations,
agencies can achieve a better return on their
monitoring investments and, in some cases, can
even reduce their costs.

By using the concepts and tools in the nationwide
strategy, agencies can correct chronic problems
in their own monitoring efforts and make the
data they collect in the future more useful for
their own applications.

Public and private organizations that manage natural
resources and protect the environment can better
determine whether their policies and actions are
working as intended.

By participating in cooperative monitoring pro-
grams, government agencies and private-sector
organizations can improve the credibility of the
information they report to the public.

INITIAL AGENCY ACTIONS

This report provides a comprehensive blueprint for
improving water-quality-monitoring efforts nationwide.
However, we do not have to wait for comprehensive
implementation of the strategy to make positive changes.
As aresult of the ITFM process and associated efforts, we
have already made a difference and saved millions of
dollars. This progress includes the following:

* Information sharing and cost savings.—Two exam-
ples of this resulted from joint purchase and
maintenance of information as follows:
 Eight Federal agencies, which include the

Smithsonian Institution, have expanded
and are negotiating to use and maintain a
common automated taxonomic code. The
National Ocean and Atmospheric Adminis-
tration (NOAA), the USEPA, and the
USGS are currently using this taxonomic
code.

* NOAA, the USGS, the USEPA and the U.S.
Fish and Wildlife Service (USFWS) have
jointly purchased and are sharing remotely
sensed land-cover information needed for
water assessment and management. This
has already saved Federal agencies at least
$4 million.

» Jointly modernize data systems.—The USEPA's
STOrage and RETrieval System (STORET) and
USGS' National Water Information System
(NWIS-II) are using common data-element
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names and reference tables that will ensure
easy sharing of data. Also, the USEPA and
the USGS are working with other agencies to
facilitate the use of common elements in the
design of new systems.

¢ State monitoring teams.—Florida, Idaho, New
Jersey, and Wisconsin have held meetings
with the many collectors of water informa-
tion to initiate a statewide monitoring strat-
egy. During the public review of this
strategy, States including California, Michi-
gan, Minnesota, and Arizona stated they
were pursuing monitoring teams of some
kind.

* Monitoring Program Design.—The USEPA and
States used the ITFM base monitoring-pro-
gram outline to develop new monitoring guid-
ance for USEPA water-quality grants to
States. The U.S. Army Corps of Engineers
(USACE) also based their own monitoring
guidance on the ITFM products; the guidance
will be used at hundreds of USACE projects
nationwide.

* Reporting.—The ITFM analytical work related to
indicators is a major contribution to proposed
changes in the USEPA guidelines for the
States' 1996 305(b) reports. These changes
will produce more comparable information
among States.

* Methods.—The National Water-Quality Assess-
ment (NAWQA) Program hosted an inter-
agency workshop to compare differences in
biological monitoring methods and to look
for areas where consistency or comparability
is needed. A report about the workshop is
available.

* Geographic Focus.—Many States and USEPA
regional offices have reorganized manage-
ment and (or) monitoring programs to place
emphasis on priority watersheds and to
assess more waters by using a revolving
watershed approach. The coordination of
monitoring in these watersheds allows man-
agers to have more current and comprehen-
sive information on specific issues and to
make better resource-management decisions.

NATIONAL WORKPLAN TO IMPLEMENT
THE STRATEGY

The ITFM’s recommended nationwide strategy
has received wide endorsement from a variety of
reviewers. It has received over 60 individual and aggre-
gated comments from local, State, Regional, Federal,
and private organizations and from individuals. Next,
the ITFM and its successor, the National Water Quality
Monitoring Council, are developing a workplan to
implement the strategy at the national level.

The ITFM held a National Monitoring Strategy
Workshop in February 1995 to draft the
implementation workplan. A broad representation of
the monitoring community was present. Proposed
workplan elements discussed were as follows:

« Specific indicators to measure the national water
goals and how to report on them jointly.

* A national monitoring design that covers waters com-
prehensively by using monitoring techniques
appropriate to the condition, uses, and goals for
the waters. ITFM tools already developed would
be used to produce the design.

* Additional agency commitment to use the ITFM rec-
ommended data-element glossary.

* Plans for a workshop to demonstrate major water
data bases and to discuss Internet access and
other opportunities to increase data sharing.

* Pilot projects to interface ambient and compliance
monitoring better. Federal, State, Tribal, local,
and private monitoring entities would participate.

* A plan to address priority training needs.

* A core list of minimum metadata elements.

CONCLUSION

As the competition increases for adequate sup-
plies of clean water, concerns about public health and
the environment escalate, and more demands are placed
on the water information infrastructure. These demands
cannot be met effectively and economically without
changing our approach to monitoring. Each organiza-
tion participating in the Strategy will need to revise
their monitoring activities in a series of deliberate steps
over several years as staff and resources become avail-
able. As described above, benefits of the collaborative
approach are already occurring, and benefits will con-
tinue to grow as the recommendations are implemented.
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We, the members of the Intergovernmental Task Force on Monitoring Water Quality (ITFM), with the advice and collaboration of
many others in public and private monitoring organizations, present this nationwide voluntary water-quality-monitoring strategy.

We are working to implement this strategy in our organizations and with others at many geographic scales. We invite other parties
to join us in implementing the strategy.
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The Strategy for Improving Water-Quality Monitoring in the United States—
Final Report of the Intergovernmental Task Force on Monitoring Water Quality

General Intent

This is the third and final report of the Inter-
governmental Task Force on Monitoring Water
Quality (ITFM). It proposes changes in water-qual-
ity monitoring that are needed to support sound deci-
sionmaking at all levels of government and in the
private sector. The proposed changes in water-qual-
ity monitoring are necessary to obtain a better return
on public and private investments in monitoring,
environmental protection, and natural-resources
management. Implementing the strategy and recom-
mendations is necessary to achieve nationwide
water-quality goals to protect human health, to pre-
serve and restore healthy ecological conditions, and
to sustain a viable economy. The proposed strategy
will expand the base of information useful for multi-
ple purposes and a variety of users. In some cases,
ITFM recommendations ratify and encourage ongo-
ing efforts. In other cases, ITFM calls for fundamen-
tal changes in the ways that water-quality-monitor-
ing programs are defined, designed, prioritized, con-
ducted, and funded.

Background

History of the Intergovernmental Task Force on
Monitoring Water Quality

The ITFM was formed in early 1992 in response
to Office of Management and Budget (OMB) Memo-
randum No. 92-01. This memorandum set forth spe-
cific requirements to review and evaluate water-quality-
monitoring activities nationwide and to recommend
improvements. Also, it delegated lead-agency responsi-
bility for water information coordination to the USGS.
The OMB memorandum and the Terms of Reference of
the ITFM are provided in the ITFM first-year report
(Intergovernmental Task Force on Monitoring Water
Quality, 1992).

The ITFM is a Federal/State or Tribal partner-
ship that includes representatives from 20 Federal,
State, Tribal, and interstate organizations. The U.S.
Environmental Protection Agency (USEPA) serves as
co-chair, and the U.S. Geological Survey (USGS) serve
as co-chair and the executive secretariat. In addition to
the 20 officially designated ITFM representatives, more

than 150 individuals in Federal and State agencies par-
ticipate in nine working groups to provide additional
perspective and technical expertise. Private sector orga-
nizations also participate in the process through the Fed-
eral Advisory Committee on Water Data for Public

Use, public meetings announced in the Federal Regis-
ter, and an initiative to promote coordination of ambi-
ent and compliance monitoring. The work of the ITFM
is sponsored by the Federal interdepartmental Water
Information Coordination Program.

Previous Reports

The two preceding ITFM reports provide infor-
mation that will enhance understanding of the recom-
mendations in this final report. In December 1992, the
ITFM completed its first-year report, Ambient Water-
Quality Monitoring in the United States: First Year
Review, Evaluation, and Recommendations. The
report focused on the evaluation of current ambient-
monitoring efforts and the opportunities for improve-
ment. The report concluded that monitoring programs
must keep pace with changing water-management pro-
grams, a collaborative strategy is needed to link the
many separate monitoring programs, a genuine appre-
ciation of the need for cooperation currently exists
among monitoring agencies, and recent advances in
technology provide new opportunities for interaction
and cooperation. The report recommended that an inte-
grated, voluntary, nationwide strategy should be
designed and implemented to improve water-quality
monitoring in this country.

The ITFM published its second year report,
Water-Quality Monitoring in the United States:

1993 Report of the Intergovernmental Task Force on
Monitoring Water Quality, in June 1994. This report
documented the ITFM's recommendations for the tech-
nical “building blocks” needed to implement the strat-
egy and presented for public review the supporting
technical reports prepared by the ITFM working
groups.

These technical reports, which were published
as separate appendixes, address monitoring frame-
works, environmental indicators, methods comparabil-
ity, data management and sharing, resource assess-
ment and reporting, and ground-water issues. Also,
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the second-year report contains information about a
pilot project in Wisconsin designed to test ITFM
assumptions and recommendations. [See the inside
front cover of this present report for information
needed to order the previous reports.]

Definitions and Scope

The ITFM recommendations address the full
range of aquatic resources, which include ground
and surface waters and fresh and marine environ-
ments, in the United States. International consider-
ations also are important but are beyond the scope
of this report. Canada and Mexico, however, have
been very interested in ITFM activities, and the
ITFM envisions future work with agencies in other
countries. To identify improvements needed to sup-
port more effective decisionmaking, the ITFM
broadly defined monitoring functions. To identify
the multiple elements of a complex subject clearly,
the ITFM identified five major purposes for moni-
toring. Table 1 lists the ITFM consensus definitions
for aquatic resources and monitoring functions and

the purposes of water-quality monitoring. A glos-
sary of terms used by the ITFM is provided in Tech-
nical Appendix A.

Historical Context

Control of water pollution became a major
environmental priority during the last three decades,
and in response, water-quality monitoring has
expanded rapidly. In the 1970's, Federal and State gov-
ernments began requiring the regulated community—
industry, public water suppliers, municipalities, and
others—to monitor water quality. The resulting data
are being used to demonstrate compliance with pollu-
tion-control permits and to obtain information
required to estimate pollution loading from human
sources into the environment. Today, tens of thou-
sands of public and private organizations spend hun-
dreds of millions of dollars a year on compliance
monitoring.

These important compliance-monitoring
efforts focus on well-defined sources of pollution,
such as industrial facilities, sewage-treatment

Table 1. Key Intergovernmental Task Force on Monitoring Water Quality definitions

Key ITFM definitions
Aquatic resources. . .. ......... Surface and ground waters, estuaries, and near coastal waters.
Associated aquatic communities and physical habitats, which include wetlands.
Sediments.
Aquatic resourcesdata. ........ Physical, which includes quantity.

Chemical/toxicological.
Biological/ecological.

Associated data needed to interpret the aquatic data, including habitat, land use, demographics,
contaminant discharges, and other “ancillary” information, such as atmospheric deposition.

Monitoring program activities . . . Identifying and documenting program goals and purposes.
Designing and planning monitoring programs.
Coordinating and collaborating with other monitoring agencies.

Selecting environmental indicators.

Locating appropriate monitoring sites.

Selecting data-collection methods.

Collecting field observations and samples.

Analyzing samples in laboratories.

Developing and operating quality-assurance programs.

Storing, managing, and sharing data.

Interpreting and assessing data to produce useful information.
Reporting and distributing monitoring results to different audiences.
Evaluating the effectiveness of monitoring programs.

Purposes of monitoring . ....... Assessing status and trends (includes spatial and temporal variability).
Characterizing and ranking existing and emerging problems.
Designing and implementing programs and projects.
Evaluating program and project effectiveness.
Responding to emergencies (ITFM did not address).
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plants, or waste-disposal sites. The primary intent
is to characterize the concentrations of water-quality
constituents at their sources, or “the ends of pipes.” In
part, point-source concentrations of pollution were the
initial focus of regulatory monitoring because knowl-
edge of the interactions between human activities and
natural systems was more limited than it is today.
Point sources are easier to define and monitor com-
pared with nonpoint sources. As a result, more money
has been spent on point-source-compliance monitor-
ing than on either nonpoint or ambient

monitoring. As a further result, few ambient-monitor-
ing programs assessed overall water quality and the
causes and sources of nonpoint-source and habitat
problems.

When it became widely apparent in the late
1980's that water-quality protection and management
goals could not be achieved without considering point
and nonpoint sources of pollution, as well as habitat
degradation, the need to reshape the overall monitor-
ing strategy became clear. Thus, the public and the pri-
vate sectors have initiated several new ambient-
monitoring and assessment efforts (Intergovernmental
Task Force on Monitoring Water Quality, 1992). How-
ever, significant gaps remained, and until the ITFM
effort, coordination among the various new programs
was uneven. Today, agreement is widespread that
existing data programs cannot be added together to
provide all the information needed to answer the more
recent complex questions about national or regional
water quality (National Research Council, 1987,
19904, b; U.S. Environmental Protection Agency,
1987; Knopman and Smith, 1992). Wide recognition
of the need to improve water-quality monitoring to
accomplish clearly defined objectives and to obtain
better ambient and compliance information has bol-
stered the ITFM's efforts to develop a strategy.

Fortunately, technology has advanced during
the last 25 years. Better tools and knowledge are
now available, and a monitoring strategy can now be
created to support the development of policies and
programs that target available resources to priority
problems within watersheds, ecosystems, and spe-
cific geographic areas. It is now possible to develop
a monitoring strategy that will be useful for evaluat-
ing the effectiveness of resource-management and
environmental protection actions. Monitoring to eval-
uate program effectiveness is needed not only to pro-
tect human health and ecosystems, but also to ensure
that money is spent wisely. From 1972 through

1986, the total public and private costs for water-pol-
lution abatement exceeded $500 billion (Carlin and
the Environmental Law Institute, 1990), and by the
end of this century, hundreds of billions of dollars
more will be spent (U.S. Environmental Protection
Agency, 1990).

Institutional and technical changes are needed
to improve water-quality monitoring and to meet the
full range of monitoring requirements. The proposed
strategy provides a long-term blueprint for making
the changes that are needed. As more organizations
adopt the recommendations and become partners in
implementing the strategy, the nationwide capability
to assess water-quality conditions will grow. As a
result, the information gathered from implementing
the strategy will be greater than the sum of the mea-
surements produced by individual organizations.

Water-Quality Questions

Water-quality monitoring provides an objec-
tive source of information to answer questions that
support the wise management of vital water
resources. Appropriate ambient and compliance mon-
itoring provides the basis for informed management
throughout the decisionmaking process (fig. 1). Ade-
quate monitoring is needed at many scales—site,
watershed, State, Tribal, regional, and national. His-
torically, some questions have been difficult or
impossible to answer, especially at the regional and
the national scales. Improved monitoring is needed
to assess the quality of essentially all the Nation's
water resources in a targeted way that will provide
quantitative answers to the following questions:

¢ What is the condition of the Nation's surface,
ground, estuarine, and coastal waters?

* Where, how, and why are water-quality condi-
tions changing over time?

* Where are the problems related to water-quality?
What is causing the problems?

* Are programs to prevent or remediate problems
working effectively?

* Are water-quality goals and standards being met?

Uses of Water-Quality Information

Monitoring programs over the past 3 decades
have provided large amounts of data; many of these
data have not been analyzed to provide water-quality
managers and regulators with the information needed
to manage water resources relative to the questions
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STEPS FOR IDENTIFYING AND CORRECTING WATER-QUALITY PROBLEMS
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Figure 1. Relation of monitoring purposes and management actions.

listed above. One potential explanation for this lack of
data analysis is a limited appreciation of the uses and
the users are of water-quality information. In fact,
monitoring information is used by Federal, State, and
Tribal governments; legislators; regulators and natural-
resources managers; private industry; scientists; aca-
demia; and the general public. Users and uses of
water-quality information include the following:

¢ (Citizens.—Need information to understand environ-
mental risks, exercise environmental steward-
ship through responsible behavior, and support
needed policy and program changes.

Legislators.—Develop water-quality and related
resource goals, policies, and programs and
evaluate progress in achieving the goals.

Regulators.—Plan, operate, and evaluate programs;
protect public health, aquatic habitats, and wild-
life populations; determine if water-quality
standards and permit requirements are being
met; and take appropriate enforcement action
when necessary.

* Resource managers.—Develop plans and policies,
support operational decisions, resolve water-
use disputes, and evaluate the success of
programs.

Municipalities and industries.—Plan and manage
water supplies and discharges; identify sites for
development, preservation, and other purposes;

and comply with water-quality standards and
permits.

* Environmental groups.—Evaluate government poli-
cies and programs and identify problems that
need to be addressed.

* Scientists.—Improve understanding of the rela-
tions among ecological, chemical, physical,
biological, and hydrological processes and
conditions.

Findings and Changes Needed

The ITFM members have found that there are
opportunities to improve current water-quality-moni-
toring efforts nationwide in the public and the private
sectors. Although many individual monitoring net-
works have been well designed to meet their own
goals, data solely from these networks often will not
provide a broad and comprehensive assessment of
water quality at national, interstate, State, Tribal, or
watershed scales. Also, data from some of the net-
works cannot be readily shared and integrated to
help with similar assessments in related areas. The
ITFM identified several kinds of problems for
which changes are recommended in later sections of
this report. The changes needed are summarized as
follows:

¢ Identify indicators to measure goals.—It is criti-
cal that the specific purposes and goals for a
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monitoring program be identified as it is being
designed. This establishes a foundation for
choosing indicators to measure progress
toward meeting water-quality goals or to evalu-
ate the effectiveness of programs and policies.

* Allocate monitoring resources on the basis of

water-quality goals, conditions, and uses.—
The United States cannot afford to monitor all
geographic locations by using the same fre-
quency, spatial density, selection of indicators,
or other design factors. A rationale is needed to
target monitoring resources more effectively
on the basis of the goals, conditions, and uses
of the waters. For instance, monitoring designs
to assess potable supplies in Arizona need to
be different from designs to monitor saimon
habitat in the Pacific Northwest.

*» Integrate surface- and ground-water monitoring.—

Water-quality and water-quantity information
for fresh and saline surface- and ground-water
resources need to be integrated. Ground- and
surface-water systems are hydraulically con-
nected. Land- and water-use and other human
activities within watersheds affect water qual-
ity on the surface and underground. However,
the scopes of individual monitoring programs
are limited by the sponsoring organizations'
missions, legislative mandates, and staffing
and financial resources within single organiza-
tions. Consequently, management decisions
and monitoring programs often narrowly focus
on surface- or ground-water-quality consider-
ations. Such separation hampers the effective-
ness of water-quality-management programs.

» Link compliance and ambient monitoring.—Histori-

cally, water-quality-monitoring efforts have
been oriented to support single programs.
Ambient and compliance monitoring have
been done in separate, often unrelated, pro-
grams. Comprehensive watershed, ecosystem,
and ground- and surface-water management
requires monitoring that is more complete and
useful for comprehensively characterizing
water conditions. It is necessary to understand
pollution loading impacts on ambient condi-
tions and the impacts of ambient characteristics
on regulatory decisions and water uses. These
issues are mutually dependent and need to be
linked better.

* Include ecological, biological, and toxicological

information.—Specific ecological and biological

conditions and toxicological constituents of
recent concern need to be monitored. Many
existing water-monitoring networks were
designed and implemented without direct mea-
surements of ecological conditions and before
many toxic constituents were widely recog-
nized as being important. Although many com-
ponents of ecosystem monitoring are still in
the research and development phases,
improved field and laboratory methods for bio-
logical measures of ecological conditions and
toxicants (for example, tissue and bed-sedi-
ment analyses) and the use of biomarkers cre-
ate opportunities to fill some of the gaps in
monitoring programs. The new information
will significantly improve ecosystem-, water-
shed-, and aquifer-management decisions.

» Implement comparable methods.—Data compati-

bility must be improved so that organizations
can use information from multiple sources.
Differences in methods used to collect and
analyze water-quality samples frequently pose
impediments to making full use of data from
other sources. Also, organizations use differ-
ent names or different definitions for the same
or similar parameters. Finally, even if the
methods, names, and definitions are compati-
ble, adequate quality-assurance (QA) pro-
grams are needed to quantify the precision,
accuracy, and integrity of environmental data
to ensure that these data can be used for the
appropriate application.

* Make data more accessible and of known quality.—

A secondary user cannot access most water-
quality data. When these data are accessible,
they require considerable additional effort to
understand or use. Frequently, the data are
poorly documented. Consistent with the find-
ings about comparable methods, information-
management systems need to use common
data-element names, definitions, and data
descriptors to facilitate the use of the informa-
tion.

* Modernize information systems.—Many existing

data-storage and information systems need to be
modernized. Large-scale data-base-management
systems fulfilled their original purposes; by
today's standards, however, they are narrowly
focused to the historical requirements of the
managing organizations. As the technology of
data collection, analysis, storage, retrieval, and
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interpretation matures, organizations need to
revise their data-management systems. The
revisions will permit the storage of new types
of data, as well as more convenient access and
use by secondary users. Modern structured sys-
tems design has only recently begun to address
issues, such as identification of common data
descriptors and metadata standards, that allow
secondary users to evaluate whether someone
else's data meets their needs. As systems are
created or redesigned, the ability to transfer
information easily among organizations needs
to be incorporated. Also, the overall design of
new systems should incorporate new querying
tools, such as WAIS or MOSAIC. In addition,
new systems should provide links to modern
statistical, modeling, and information-presenta-
tion software.

* Assess data and report results.—It is no longer
enough to collect and store data. Basic data
need to be routinely interpreted, assessed, and
reported because most users rely on available
interpreted information rather than raw data.
Also, routine interpretation helps to reveal inad-
equacies in monitoring-program design or
implementation so that timely adjustments can
be made.

* Identify research needs.—Applied research and
development are needed in several areas.
These needs include methods for collecting
and using ancillary data, modeling complex
hydrogeologic systems and ecosystems, mea-
suring and assessing ecological health, and
sampling and analyzing toxic constituents
(such as trace elements, pesticides, other
organic chemicals) at affordable costs. Also,
methods are needed to design and operate mon-
itoring for nonpoint sources of pollution and
highly variable wet-weather runoff that are dif-
ficult to quantify. Technology is needed to
improve monitoring instrumentation, which
includes sensor development. Achieving the
watershed-management and ecosystem-protec-
tion goals will require sustained interagency
support for applied interdisciplinary technology
development and research to address these and
other knowledge gaps.

* Cost effectiveness.—Resources for monitoring
water quality need to be applied more effec-
tively to produce more useful results. Many of
the recommendations discussed later in this

report are intended to improve resource sharing

among monitoring organizations or to expand

the base of information that can serve multiple
uses.

To respond to these findings, the ITFM pro-
poses a comprehensive nationwide strategy for
water-quality monitoring and resource assessment.
Implementation of the following strategy and recom-
mendations by all levels of government and the pri-
vate sector will make information available in a
timely manner to support management decisions
and to measure progress towards meeting water-
quality goals. The intent is to set in motion a pro-
cess that makes it advantageous for all data collec-
tors to embrace the proposed changes in monitoring
water quality voluntarily and to make the resulting
information more useful.

Nationwide Strategy for Improving
Water-Quality Monitoring

Major recommendations that have resulted
from the ITFM's 3-year evaluation of water monitor-
ing in the United States are presented below. Some
recommendations are based on longstanding coordi-
nating mechanisms that work, given the existing con-
straints. Other recommendations propose voluntary
intergovernmental and private sector collaboration
that takes into consideration specific Federal, State,
Tribal, regional, local, and watershed and private inter-
ests. Simply put, these recommendations present a
nationwide strategy that would improve the ability to
monitor, assess, and manage the Nation's water
resources at all geographic scales.

Goal-Oriented Monitoring and Indicators

The ITFM, as well as the public, endorses
the USEPA Office of Water’s proposed nationwide
water goals. These goals are to protect and enhance
public health, to conserve and enhance ecosystems,
to meet State water-quality standards, to improve
ambient conditions, and to prevent or reduce pollutant
loadings. In addition, the quantity and quality of water
needed to sustain a viable economy must be provided.

Specific environmental indicators will measure
whether or not the goals are being achieved. The
ITFM defines an environmental indicator as “a mea-
surable feature which singly or in combination pro-
vides managerial and scientifically useful evidence
of environmental and ecosystem quality or reliable
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evidence of trends in quality.” Environmental indica-
tors need to be measured by using available technol-
ogy that is scientifically valid for assessing or
documenting ecosystem quality. They also need to
provide information upon which resource managers
can base decisions and communicate results to the
public. Environmental indicators encompass a broad
suite of measures that include tools for assessment of
physical, chemical/toxicological, and biological/eco-
logical conditions and processes at several scales.
Water-quality indicators must explicitly measure the
identified goals and relate to State standards. The
ITFM has developed some preliminary guidance that
includes criteria to assist organizations in selecting
indicators for specific goals (see Technical Appen-
dixes D and E). The development of such guidance is
continuing in conjunction with the USEPA's 305(b)
consistency workgroup, which includes 22 States, 3
Tribes, and other Federal agencies. At the national
level, Federal agencies are developing indicators in
concert with actions mandated in each Federal agency
through the Government Performance Results Act of
1993.

Gathering and Evaluating Existing Information
Gaps and Priorities

Before significant improvements in water-qual-
ity monitoring are implemented, existing monitoring
efforts and information need to be identified and evalu-
ated. This evaluation can be structured by attempting to
characterize current surface- and ground-water-quality
conditions by using available information. Geographic
information systems (GIS) can be very helpful in con-
ducting such evaluations and presenting maps and analy-
ses of the spatial relations among the associated
information on water bodies. The actual locations of
impaired water bodies and the reasons for the impair-
ments should be included if information permits. In addi-
tion, special protection areas and waters that are not
impaired should be mapped. Special protection waters
include endangered species habitats, and impaired
waters are those that do not meet water-quality stan-
dards. A useful tool for locating and georeferencing sur-
face waters is the USEPA’s computerized River Reach
File 3 (RF3), which was originally developed by using
USGS topographic maps. It is now being adapted for
use as a future Federal Information Processing Standard.
After mapping and evaluating existing information,
monitoring gaps can be identified and ranked by prior-
ity. Ranking by priority is important because monitoring

gaps that are lower priority and that can not be moni-
tored within available resources can be explicitly
acknowledged. Once the initial information is properly
structured in a GIS system, new information can be
added as it becomes available. Also, the information
can be used more easily for many management pur-
poses.

Flexible and Comprehensive Monitoring

To provide adequate and cost-effective infor-
mation for resource management and environmental
protection, comprehensive assessments of the Nation's
ambient water resources are needed; such a compre-
hensive assessment would use basins rotating in and
out of 5- to 10-year cycles in which feasible monitor-
ing designs and monitoring techniques are targeted to
the condition of and goals for the water. Ambient-
monitoring resources should be targeted at the State or
Tribal scale and, as needed, at the regional and the
watershed scales and depend on water-quality condi-
tions, designated uses, and goals for the water. The
most intense and frequent monitoring should focus on
threatened or impaired water bodies. Outstanding natu-
ral water resources, endangered species habitats, sole-
source aquifers, and other water bodies that are identi-
fied for special management and protection should be
monitored comprehensively, but less frequently than
impaired waters, in periodic cycles every few years. If
detrimental changes are detected, however, then more
intensive monitoring would be needed. Waters that
have been assessed and determined to meet their
designated uses and that are not impaired or threat-
ened should be monitored less intensively on a
rotational screening basis every 5- to 10-years to con-
firm that new problems have not emerged. Temporal
frequency, spatial density, suites of parameters or indi-
cators, and other design factors should be tailored to
the conditions, uses, and goals for the water that is
monitored (table 2).

To initiate the flexible and comprehensive
monitoring approach described above, Federal, State,
and Tribal agencies would need to use key existing
information to categorize the surface and ground
waters in their jurisdictions by using the criteria dis-
cussed above and shown in table 2. At first, the
waters would be assigned to categories on the basis
of the information currently available and aggre-
gated into an overall assessment by using GIS. By
using the approach recommended, confirmation or
adjustments could be made to the characterization
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Table 2. Targeted monitoring strategy

[Monitoring data from all partners can be used in any category. Site selection design can range from probalistic to targeted in any category]

Management focus
for resource

Categories of water

Flexible monitoring designs

Maintenance. . .............

Special protection. . . ........

Remediation and restoration . .

taken.

Meets or exceeds standards and objectives.

Outstanding natural resource waters; habitat of
endangered species; ecological reference
conditions; sole-source aquifers.

Do not meet standards and objectives.
Or may not meet in the future unless action is

Long-term.

Low frequency or rotational.

Low/moderate density.

Screening by using a comprehensive site of
indicators.

Long-term periodic frequency.
Moderate spatial density.
Comprehensive suite of indicators.

Shorter term.

High frequency.

High density.

Indicators tailored to specific problems.

of the waters as a result of monitoring programs that
would be designed for each water resource on the
basis of conditions, uses, and goals. The design
would include physical, chemical/toxicological, bio-
logical/ecological, habitat, and ancillary information
and would incorporate monitoring efforts from local
municipalities, private industry, and all levels of gov-
ernment. Within the selected indicators, a core set of
comparable indicators would be chosen by mutual
agreement and obtained for local use and for aggrega-
tion in regional and national assessments. Water for
which information is insufficient to define the water-
quality condition will need to be sampled in a strati-
fied manner that reflects potential sources of pollut-
ants from anthropogenic activities, climate,
hydrogeologic setting, and goals for the water. During
the 5- to 10-year cycles, the waters would be compre-
hensively assessed by using flexible monitoring
designs (table 2). Information that results from the
monitoring would be routinely interpreted, assessed,
and reported by the responsible agencies to the public
and decisionmakers. In addition, at the national level,
the USEPA would aggregate information from States,
Tribes, and others to produce the assessment report
required by Section 305(b) of the Clean Water Act.
Because the current Clean Water Act mandates a
305(b) report every 2 years, this recommendation
would be implemented by linking a series of three
reports that would cover all States and Tribal waters
in 6 years. If legislative changes are made, then the
USEPA would report to Congress every 5 years. The
305(b) report and other national and regional assess-
ments would incorporate the suite of comparable
core parameters collected and made available by

States, Tribes, and other participating groups. On
the basis of the results of the monitoring and assess-
ments, the Federal, State, and Tribal agencies would
adjust the category of each water resource and
refine the monitoring design, as appropriate.

Institutional Collaboration

Thousands of organizations operate water-
quality-monitoring programs and projects nation-
wide. Collaboration is necessary because few single
organizations can afford to collect all the informa-
tion needed for informed decisionmaking. The strat-
egy to integrate these diverse institutional efforts is
to establish collaborative partnerships of multiorgan-
izational teams at national, interstate, State or
Tribal, and watershed levels. These teams should
include municipal, private, and volunteer monitor-
ing groups. Formal mechanisms are needed at the
national and the State or Tribal levels to ensure
effective planning and coordination for monitoring
efforts. At the watershed and the interstate levels,
planning and coordination mechanisms need to be
flexible enough to adapt to changing situations and
resource limitations (fig. 2).

Federal Programs

Like other monitoring efforts, Federal pro-
grams are designed to meet mission-specific objec-
tives. [See the first year report (Intergovernmental
Task Force on Monitoring Water Quality, 1992,
Appendix B) for a description of relevant Federal
programs]. Collectively, they could convey a reason-
ably complete nationwide or regional story about
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water quality. As part of the nationwide strategy, the
ITFM proposes that national monitoring programs col-
laborate to provide a strong ambient-water-quality
framework within which States, Tribes, and water-
sheds could contribute their geographically specific
information. Non-Federal organizations should be
involved in collaborating with and advising Federal
programs and be able to access Federal information

easily. Federal programs should among themselves
identify common physical, chemical, and biological
indicators, reference conditions, and comparable
core parameters to share and report together. Major
Federal information systems should be linked
through shared reference tables, minimum data ele-
ments, common data-element definitions and
names, and information-transfer software, such as

INTERSTATE AND NATIONAL-SCALE ASSESSMENTS

USEPA | NBS/USFWS | NOAA TVA USGS
305(b) BEST NS&T River pulse NAWQA
EMAP GAP Strategic NASQAN
NWI Assessment Benchmark
Program

STATE, WATERSHED AND AQUIFER-SCALE ASSESSMENTS

State and
local
agencies

RESEARCH »

indian tribes Federal agencies

LOCAL-SCALE AND PROBLEM-ORIENT

D STUDIES

E1e

at
all levels
especially local

Government agencies

Private sector Volunteer monitoring

EXPLANATION

BEST ........... Biomonitoring of Environmental Status and Trends
EMAP ........... Environmental Monitoring and Assessment Program
GAP............. Gap Analysis Program

NASQAN........ National Stream Quality Accounting Network
NAWQA ........ National Water-Quality Assessment

NBS ........... National Biological Service

NOAA........... National Oceanic and Atmospheric Administration
NS&T ........... National Status and Trends Programs

NWI ............ National Wetland Inventory

TVA ... Tennessee Valley Authority

USEPA .......... U.S. Environmental Protection Agency

USGS .......... U.S. Geological Survey

305(b) .......... National Water Quality Inventory (Clean Water Act)

Figure 2. Key monitoring relations.

Nationwide Strategy for improving Water-Quaiity Monitoring



Internet or MOSAIC. Federal agencies with national
status and trends programs or major water-resources
responsibilities are shown in figure 3.

The ITFM strategy includes an annual meeting
of all managers of Federal water-status and water-
trends programs to report on the previous year’s moni-
toring results, to coordinate the future workplan, and
to collaborate on nationwide products. In addition, the
ITFM recommends that an advisory group be formed
to support the major Federal ambient-assessment pro-
grams, such as the USGS’s National Water-Quality
Assessment (NAWQA) Program and the National
Stream Quality Accounting Network (NASQAN), the
USEPA'’s Environmental Monitoring and Assessment
Program (EMAP), the National Oceanic and Atmo-
spheric Administration’s (NOAA) National Status and
Trends Program (NS&T), and the National Biological
Service’s (NBS) Biomonitoring of Environmental Sta-
tus and Trends (BEST) Program. This advisory group
would foster better integration of Federal programs
and more effective use of available resources. It
would include members from all levels of government
and the private sector. Currently, some Federal pro-
grams have their own advisory committees to support
program-specific issues that require additional atten-
tion. As needed, these should continue as working
groups of the assessment advisory group.

The Administration should consider issuing
an Executive order to provide guidance to Federal
agencies about their activities and participation.
Active Federal leadership is needed to support such
nationwide efforts as developing standards and
guidelines, sharing data, leveraging program
resources, facilitating technology transfer, and build-
ing consensus.

State and Tribal Programs

States and Tribes report water-quality status to
the USEPA in the biennial 305(b) reports. USEPA has
identified two concerns about its national report aggre-
gated from the State reports. First, the data from the
States and the Tribes are often not comparable and
make a consistent aggregation of data at larger scales,
especially the interstate and the national, difficult. Sec-
ond, States and Tribes assess considerably less than
all their water resources in any 2-year reporting
period, in part, because many State budgets for moni-
toring programs have decreased over the years.

The ITFM recommendations of a 6-year cycle
for the 305(b) report (5 years vs. current 2 years if

legislative changes are made) and increased State com-

parability of assessment and collection methods would

answer the concerns. In addition, some State and

Tribal programs now are using program designs that

allow them to monitor their water resources over a

longer time period, say 5 to 10 years, often targeting

their limited resbiological indicators, reference condi-
tions, and compa

rable core parameters to share and report together.

Major Federal information systems should be linked

ources to address specific issues. In other words, some

States and Tribes are already using revolving water-

shed assessments and priority systems similar to the

approach endorsed by the ITFM.

The ITFM recommends that a redesign of State
and Tribal monitoring programs begin with evaluat-
ing, synthesizing, and mapping existing information
that would actively involve many different monitoring
partners in a collaborative effort. This collaborative
effort would include the following:
¢ Delineate the area.—The boundaries of water areas

need to be determined. Depending on the

objective of the program, the boundaries may
be political or natural, such as hydrologic
systems or ecosystems. Whichever method is
chosen, GIS overlays of the boundaries should
be available.

* Map the waters.—Key information about the
chosen areas, which includes locating impaired
waters, special protection waters, and
unimpaired waters, as previously described,
needs to be portrayed. The ITFM recommends
using the RF3 as a uniform way to identify
waters. The RF3 is a computer-mapping
system that includes codes for surface waters,
the direction of flow, and stream-reach
locations. The USGS's Regional Aquifer
System Analysis is the best source of
information on major ground-water aquifers.

* Map scientific knowledge and human influences.—
Scientific information and human influences
need to be overlaid on the basic map of sur-
face and ground waters. Several examples are
listed as follows:
¢ Natural and political boundaries, which in-

clude watersheds, municipalities, coun-
ties, and States.

» Surface-water characteristics, which include
water bodies, hydrography, hydrologic
characteristics, biological communities,
and waste-water treatment plants.
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EXPLANATION
ARS ......... Agricultural Research Service NBS ......... National Biological Service
ASCS........ Agriculture Stabilization and NMFS ....... National Marine Fisheries Service
Conservation Service NOAA ....... National Oceanic and Atmospheric
BEST........ Biomonitoring of Environmental Administration
Status and Trends NOS......... National Ocean Service
BIA.......... Bureau of Indian Affairs NPS......... National Park Service
BLM......... Bureau of Land Management NRCS........ Natural Resources Conservation Service
BM ......... Bureau of Mines OSM ........ Office of Surface Mining
BOR......... Bureau of Reclamation REMAP ...... Regional Environmental Monitoring and
BPA ......... Bonneville Power Administration Assessment Program
DOD......... U.S. Department of Defense TVA ...... ... Tennessee Valley Authority
DOE......... U.S. Department of Energy USACE....... U.S. Army Corps of Engineers
EMAP........ Environmental Monitoring and USCG ......U.S. Coast Guard
Assessment Program USEPA.......U.S. Environmental Protection Agency
FERC ........ Federal Energy Regulatory USFS ......U.S.Forest Service
Commission USFWS......U.S. Fish and Wildlife Service
GAP......... Gap Analysis Program USGS ....... U.S. Geological Survey
NAWQA ..... National Water-Quality Assessment 305(b} ....... National Water Quality inventory

NASQAN ....National Stream Quality Accounting (Clean Water Act)

Figure 3. Federal agencies and National Status and Trends Programs.
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¢ Human infrastructures and activities, such as
land use or water intake and effluent dis-
charge facilities and nonpoint sources.

* Ground-water characteristics, which include
vertical and lateral extent and hydraulic
properties of aquifers and confined units,
waste-injection sites, and landfills.

* Natural characteristics, such as soils, geology,
altitude, dominant vegetation, and precipi-
tation values.

* Map the desired goals for the waters.—The goals
that residents wish their waters to meet should
be shown as overlays on a multilayer map.
These goals will include the water-quality stan-
dards that States and Tribes set for their waters
and also may include specific additional goals
that, for instance, a watershed team may desire.

The ITFM recommends that comprehensive
assessments of State or Tribal water resources be con-
ducted by using criteria shown in table 2. In this
design, States and Tribes would first characterize their
waters with available information and knowledge.
Then, on a 5- to 10-year rotating basis or other design
(at the discretion of the State or Tribe), they would
comprehensively assess their water resources by using
different monitoring intensities and techniques accord-
ing to the conditions of the water bodies and other fac-
tors, as described above. Volunteer and private sector
monitoring can be integrated into any of the three pro-
gram priorities, and data from Federal, State, Tribal,
local, and private assessments could be shared in all
categories. Statistical monitoring designs, as well as
targeted and intensive surveys, also can be integrated.

State and Tribal Teams

The ITFM recommends the establishment of
collaborative teams at the State or Tribal level that
would include representatives of all the major moni-
toring sectors active in the jurisdictions. The primary
responsibility for promoting collaborative water-mon-
itoring and assessment programs should reside with a
national monitoring council and with the State or
Tribal teams. In some places, the establishment or
use of existing monitoring teams may be appropriate.
For example, each State or Tribal team also should
include, as needed, representatives from Federal,
regional, and local agencies, and other institutions,
such as universities, industrial organizations, and vol-
unteer monitoring groups that collect and analyze

surface and ground-water information within the
State or Tribal geographic area.

The State or Tribal and regional teams would
have several principal functions. They would clarify
roles and responsibilities and facilitate communication
and collaboration among Federal, State, Tribal, inter-
state, local, and private water-monitoring and assess-
ment programs that participate in the strategy. They
would identify major issues or programs that joint
efforts could address most effectively. Also, the teams
would tailor the national guidelines to meet regional
needs and encourage their adoption by participating
agencies and institutions.

Watershed Managers

Managers of local watershed resources need
aggregated data from a variety of sources to guide
their policies and activities. To help meet this need,
the ITFM recommends that a National Water-Quality
Monitoring Council develop a guidance document that
summarizes where existing data can be found. Some
organizations are already addressing this need. The
U.S. Forest Service (1994) and the U.S. Environmen-
tal Protection Agency (1991) have written watershed-
assessment handbooks; the U.S. Forest Service
(USFS) handbook describes ecosystem management
for forested watersheds. The Soil Conservation Ser-
vice (1994) has prepared a handbook on monitoring
water-quality conditions that are related to agricultural
activities. The American Society for Testing and Mate-
rials (ASTM) is developing a standard for water-quality
monitoring in conjunction with the ITFM. As part of
the nationwide strategy, the proposed National Water-
Quality Monitoring Council will work with agencies,
private and volunteer organizations, and academia to
produce a handbook for monitoring and assessing
water-quality watersheds that is applicable for nation-
wide use.

The ITFM encourages agencies at all govern-
mental levels to develop and evaluate monitoring
and assessment programs by using the frameworks
for monitoring program design that are described in
Technical Appendixes B and L. The ITFM also pro-
motes the coordination of new and existing ambi-
ent- and compliance-monitoring programs to
provide needed information within watersheds and
other geographic areas of concern for all potential
data users. Each monitoring program is specific to
its geographic location and purpose. At the same
time, each is a part of the nationwide monitoring
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effort to generate information on surface- or ground-
water conditions, which is the basis for regional and
nationwide descriptions of water quality. Unless each
monitoring program develops comparable information
on mutually selected core indicators, the regional and
the nationwide descriptions will be difficult to assem-
ble, and comparison of conditions among locations
will be difficult.

Compliance and Ambient Monitoring

Ambient information is critical to compliance
efforts, and compliance information about pollution
locations and loads is needed to interpret ambient
data. Compatible compliance information about pollu-
tion loads is vital to assessing the relative contribu-
tions of point and nonpoint sources of pollution for
watershed management. In many cases, the compli-
ance community performs some ambient monitoring,
most of which is for compliance-monitoring purposes.
For example, water suppliers monitor source-water
supplies to determine the treatment needed for drink-
ing water. During its third year, the ITFM began work-
ing with organizations that represent the regulated
community to define how these programs can more
effectively work together.

The regulated community—industry, public
water suppliers, municipalities, and others—provides
much of the money spent for water-quality monitor-
ing, most of which is spent for compliance-monitoring
purposes. Much of the compliance and ambient data
generated by the regulated community, however, is
unavailable for other uses because of differing designs
and goals in collecting the data and also because no
one has asked for it in a systematic way beyond its nar-
row compliance context. Also, these same data are not
likely to be available in the future until capture and
storage of the data become easier. Because of its
unavailability and because it was collected for differ-
ent purposes, often using different methods and qual-
ity assurance/quality control (QA/QC), data from the
regulated community have been used infrequently in
ambient-assessment studies.

The ITFM monitoring strategy is to form part-
nerships among compliance monitors and ambient
monitors to make applicable data from both communi-
ties more usable and accessible. The goal is to find
opportunities that are mutually beneficial and more
efficient to gather data and develop more useful and
comprehensive interpretive products. Because of the
different purposes for which data is collected, it may

not always be possible to integrate ambient and com-

pliance information. However, some integration will

be beneficial, particularly in the area of source-water
monitoring for drinking water. It also will be useful to
determine natural seasonal variability, to separate natu-
ral from anthropogenic causes, and to identify spacial
variability.

Potential areas of cooperation include develop-
ing a data-storage system that is easily accessible, that
is easy to use for data entry and retrieval, and that can
store generally useful compliance data. For example,
water suppliers' data could go into the new USEPA Pub-
lic Water Supply System, ambient data collected by dis-
chargers could go into the modernized USEPA’s
STOrage and RETrievel System (STORET) system, or
interfaces could be built between facility data systems
and national or State data systems.

In return, agencies would work with the regu-
lated community to:

* Consider adjusting the frequency and parameter
coverage of required compliance monitoring
in accord with geographic water-quality
conditions.

Design ambient monitoring at locations selected to
provide users of raw water with timely water-
quality information.

« Develop jointly and use comparable protocols and
QA guidelines for ambient- and compliance-
monitoring activities so that data can be aggre-
gated for differing objectives.

* Include the regulated community in training pro-
grams as instructors and attendees.

¢ Use the water-quality information more effectively
to make key resource decisions.

Closer cooperation on monitoring can help the
compliance-monitoring community and State or Tribal
environmental agencies identify more cost-effective
ways to protect the environment. For example, Florida
is considering ways to allow a reduction in compli-
ance monitoring at wells after water companies have
achieved an effective well-head-protection program
that minimizes the likelihood of contamination in the
aquifer.

To enhance the integration of compliance-
and ambient-monitoring information for decision-
making, the ITFM, under the leadership of the
USEPA and the USGS, plans to initiate pilot
projects in selected NAWQA Program study units
and other key watersheds. The general approach for
the pilot project will involve defining the areas of
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study, identifying the water-quality information needs

and objectives for the area, determining the limitations

of existing compliance and ambient programs to meet
those needs, implementing actions to overcome the
impediments encountered and to provide the neces-
sary information, evaluating the strengths and weak-
nesses of actions taken, and collaborating to
improve the balance between compliance and ambi-
ent information.

Examples of questions that could be addressed
in these projects include the following:

* What contaminants are important for monitoring in
the selected watersheds and aquifers? What are
their sources? How frequently does an area
need to be sampled to address key manage-
ment issues and concerns?

* What are the sources, transport, fate, and effects of
selected contaminants in important stream
reaches or in the watershed as a whole?

* Does the information collected during the project
provide a clear framework for key manage-
ment and control decisions by the key stake-
holders in the watershed?

* How do pollutant loadings affect the biological con-
dition of the waters?

Volunteer Monitoring

Nationwide, participants in more than 500 vol-
unteer monitoring programs are collecting a great vari-
ety of water-quality information. These programs
involve more than 340,000 volunteers of all ages and
backgrounds in almost every State. Volunteers moni-
tor all types of water bodies and collect physical,
chemical, biological, and habitat data.

In general, volunteers monitor for one or both
of the following purposes:

* To provide an opportunity when the community,
youth, land owners, and planners can become
educated about local water-resources character-
istics and problems, and a sense of stewardship
is fostered for those natural resources.

* To provide data for Federal, State, Tribal, and local
water-quality agencies and private organizations
for use in watershed planning, assessment, and
reporting and water-quality manage-ment. Vol-
unteers collect data from water that otherwise
may not be assessed, and they increase the
amount of water-quality information available
to decisionmakers at all levels of government.
Uses of volunteer data include delineating and

characterizing watersheds, screening for water-

quality problems, some compliance monitoring

if rigorous quality assurance documentation is
provided, and measuring baseline conditions
and trends.

Because volunteer monitoring organizations can
be strong partners in the nationwide monitoring strat-
egy, the ITFM recommends integrating volunteer moni-
toring into existing and planned monitoring programs.
To improve the quality and utility of volunteer
efforts, the ITFM recommends the following:

* Links between volunteer monitoring programs and
water-quality and planning agencies should be
established at all levels of government to
encourage cooperative planning, training, and
data exchange between volunteer groups and
agencies. These links may include State or
Tribal associations or councils of volunteer pro-
gram coordinators and agency representatives,
agency-sponsored volunteer programs, and
sharing and collaboration in such areas as vol-
unteer training, data management, and resource
sharing.

¢ Nationally consistent quality-assurance guidance
should be developed for volunteer monitoring
groups to help volunteer programs document
their methods and quality-assurance protocols.
This national guidance can be adapted to meet
individual State, regional, Tribal, or local data
requirements. The USEPA is currently leading
such an effort that involves other Federal,
State, Tribal, and volunteer organizations.
Such documentation has the following benefits:
» Enhances credibility and replicability of vol-

unteer methods.

* Allows volunteer collection and analytical
methods, site selection, and other volunteer
program design characteristics to be un-
derstood by potential data users.

* Allows volunteer data to be compared with
those of other programs.

* Encourages volunteer programs to practice
sound quality-assurance methods.

 Standard volunteer monitoring field methods should
be developed. Use of these methods cannot be
mandatory because of differing needs, goals,
capabilities, and resources of volunteer pro-
grams. However, their development and avail-
ability will provide a common baseline for
many programs, thereby improving compara-
bility among the programs.
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» Nationwide training on laboratory, field, and qual-
ity-assurance methods for volunteers should be
promoted. Such training helps encourage con-
sistency in methods, increases the level of qual-
ity assurance for volunteer information, and
promotes the exchange of ideas and the devel-
opment of advanced methods.

* The incorporation of proper documentation of vol-
unteer data into water-quality-data systems
should be promoted to facilitate data sharing
and use of volunteer data. Documentation in
water-data systems of volunteer collection
methods, analytical approaches, and quality-
assurance protocols helps potential data users
understand the limitations and strengths of vol-
unteer data, thereby increasing confidence in
its use.

» Volunteer participation should be provided for on
State, Tribal, watershed, aquifer, and regional
water-monitoring teams. Volunteer programs
will provide these teams with unique links to
academic organizations, advocacy groups,
civic associations, government, and private
enterprise. Team members, including volun-
teers, will serve to integrate monitoring efforts
to meet local, regional, and nationwide infor-
mation needs.

Methods Comparability

One of the biggest barriers to sharing water-
monitoring data is that agencies often use methods
that are not comparable to obtain data (collect and ana-
lyze samples) for the same variable. This means that
data from these agencies cannot be combined to allow
scientists and the public to assess water-quality condi-
tions.

To assess similar conditions objectively across
a variety of scales up to and including national assess-
ments, monitoring data produced by different organi-
zations should be comparable, of known quality,
available for integration with information from a vari-
ety of sources, and easily aggregated spatially and tem-
porally. The ITFM recommends several actions to
improve data compatibility. First, partners in the strat-
egy must adopt common parameter/indicator names
and definitions. This is fundamental to achieving com-
patible data. The ITFM has begun a Data-Element Glos-
sary that will support data compatibility and facilitate
information sharing (Technical Appendix M). Partners

in the strategy should begin by adopting the initial set
of common names and definitions and then expand
that set as rapidly as possible.

In addition, the ITFM strategy proposes a per-
formance-based methods system (PBMS) for the field
and laboratory (Technical Appendixes I, N, O). The
PBMS accommodates the use of different methods for
measuring the same constituent provided that all meth-
ods produce the same results for the same sample
within a specified level of confidence. Analytical refer-
ence materials also can be an important component of
a PBMS. This approach is technically practical and
allows implementation of improved, and sometimes
more economical, sampling and analytical techniques
over time. The PBMS will require institutional sup-
port at the national level; therefore, the ITFM recom-
mends an Intergovernmental Methods and Data
Comparability Board (MDCB; Technical Appendix
H).

The ITFM recommends the use of reference
conditions in biological and ecological assessments
(Technical Appendixes F and G). Reference condi-
tions allow the comparison of observed water-quality
characteristics to appropriate baseline conditions; they
also can be used to calibrate a method for a specific
ecoregion or habitat. As a way to specify reference
conditions, the ITFM recommends using the concept
of ecoregional reference sites. An ecoregion is a homo-
geneous area defined by similarity of climate, land-
form, soil, potential natural vegetation, hydrology, or
other ecologically relevant variables. Such regions
help define the potential designated-use classifications
of specific water bodies. In theory, reference condi-
tions are single measurements or sets of selected mea-
surements of unimpaired water bodies that are
characteristic of an ecoregion and (or) habitat. In prac-
tice, reference conditions represent conditions (biolog-
ical, physical, chemical) exhibited at either a single
site or an aggregation of sites that represent the least
impacted (by anthropogenic disturbances and pollu-
tion) reference sites or the reasonably attainable condi-
tion at the least impacted reference sites.

Information Automation, Accessibility, and Utility

The vast amount of water-quality information
collected by public and private entities is not often eas-
ily accessible to users outside the collecting organiza-
tion. The principal barriers to data and information
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sharing can be overcome through several approaches

that are described in the following paragraphs:

¢ The large amount of generally useful information
that is archived only in hard-copy form should
be available in computer-readable form to
make it more widely accessible and usable.

+ Common data-element names and definitions need
to be adopted to provide a common set of ter-
minology for documenting water-quality data.
Once adopted, names and definitions related to
water-quality monitoring can be used by Fed-
eral and State agencies and other organizations.

* An easy-to-use standard interface to individual
water-data systems based on adopted minimum
data elements and additional data that agencies
consider to be appropriate for sharing needs to
be developed.

* Potential sources of reference tables, such as aqui-
fer names and taxonomic codes, need to be
identified and specific agencies need to be des-
ignated as the authorities to maintain individ-
ual reference tables. For example, the USGS
may be the authority for aquifer names, the
newly developing Federal consortium for tax-
onomy may be the authority for taxonomic
codes, and the recommended MDCB may be
responsible for reference tables, such as sam-
pling and analysis methods. The designated
authorities would need to accept update
requests from all participating agencies.

¢ A self-documented export format must be provided
from each agency data base, and the develop-
ment of standard report formats must be
promoted.

« The participating organizations should make their
data holdings available to secondary users by
including the adopted minimum elements in
the user interfaces of agency data systems to
facilitate the sharing of existing data.

¢ Data-management systems should be redesigned to
accommodate not only data values, but also
metadata, which is information that describes
the content, quality, condition, and other char-
acteristics of data (Federal Geographic Data
Committee, 1994). The metadata are used to
judge whether or not specific information is
potentially useful for other applications.

* Networked, distributed data bases, rather than only
centralized data bases, are needed. Improve-
ments in telecommunications make the use of

distributed systems very promising. Futher-
more, centrally operated information  systems
of national scope, which are often large, diffi-
cult to access, and hard to use, are becoming
obsolete. Improvements in telecommunications
and query systems, such as MOSAIC or
WAIS, make it easier to use distributed sys-
tems. Close cooperation is needed for the effec-
tive development of common user interfaces

and query languages, data dictionaries, data for-
mats, report generators, and other technical soft-
ware, such as statistical programs. With agree-
ment on such conventions, data can be more eas-
ily shared by using networked systems. This per-
mits and encourages the distribution of data-
management and data-storage responsibilities.
The use of multiple systems also allows and
encourages the distribution of data-manage-
ment responsibility, as well as the data.

« Standard export formats and existing query sys-
tems, such as WAIS, MOSAIC, and Internet,
should be used to share data and information
with other users.

¢ Remote sensing and LANDSAT capabilities should
be more widely investigated and used.

» Computer security concerns must be identified and
addressed.

Assessment and Reporting

Better processes and methods are required to
share monitoring findings and results among national,
regional, State, and Tribal resource-assessment pro-
grams. Also, guidelines and tools are needed that
describe ways to aggregate and interpret information
for regional and national summaries of water conditions
and trends. Technology transfer should be promoted
among various national and State reporting programs,
such as the U.S. Department of Agriculture Resource
Conservation Assessment, the USGS's biennial
National Water Summaries, and the States' and the
USEPA's 305(b) reports to Congress that are man-
dated by the Clean Water Act.

The strategy encourages and helps resource-
assessment programs produce publications that meet
the needs of a wider audience. It is not sufficient for
technical assessment programs to communicate only
with their technical peers; they also must communi-
cate with a broad audience that is concerned with the
overall significance of their assessments. This requires
a careful analysis of audiences and an approach to
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communication that recognizes the particular style,
format, media, and content considerations appropriate
to each audience. As a corollary activity, mechanisms
are needed to ensure the best uses of the technical
information derived from assessment activities.

Interpretations of results from national pro-
grams and the integration of results from State and
regional programs should lead to similar conclusions
about the conditions of our Nation's water. The only
differences in interpretations should be in the areal
extent of coverage (presumably broader coverage for
the national programs) and the degree of resolution
(presumably finer resolution for the regional, State,
and Tribal programs). Both types of programs are criti-
cal components in the nationwide strategy.

Improved mechanisms for performing and
sharing top/down and bottom/up interpretation,
assessment, and aggregation of water-resources
information will make it possible to produce infor-
mation products more quickly after resource assess-
ments are completed. However, complex review and
approval procedures within many agencies can
cause significant delays in releasing those products
to their intended audiences. Implementation of an
effective national strategy must address issues of
timeliness and audience identification for reporting,
integrating information across disciplines, compar-
ing data analyses and interpretations, and providing
mechanisms for information aggregation (see Techni-
cal Appendixes J and K).

Modeling is an assessment tool that uses data,
helps identify data needs, and allows management
decisions to be made on the basis of predictions.
Implementation of the ITFM strategy should include
use of modeling.

Evaluation of Monitoring Activities

Collaborative teams at all levels should periodi-
cally evaluate their monitoring activities to confirm
that they are meeting their objectives in the most effec-
tive and economical manner. The successor to the
ITFM should produce a report every 5 years to evalu-
ate water-quality-monitoring activities and to docu-
ment progress in implementing the nationwide
strategy and making appropriate adjustments. This
report should include a summary of water-monitoring
activities over the previous 5 years, an evaluation of
the applicability of the monitoring program, and the
Nation's ability to obtain and share information
needed to evaluate water quality. The report should
present successes at the national and the watershed

scales and should identify continuing barriers to under-
standing water-quality conditions. This report should
not address the status of water-quality conditions;
existing Federal, regional, State, and Tribal agencies
have that responsibility. However, greater collabora-
tion and information sharing should enhance the indi-
vidual reports.

Ground-Water and Other Specific
Water-Resource Considerations

Selected categories of aquatic resources should
receive specific attention when water-quality-monitor-
ing programs are planned and implemented. These
categories include ground water, wetlands, lakes, and
coastal water. For these categories, additional guidance
and recommendations are needed to supplement the
general information provided throughout this report.
The ITFM has addressed some of the monitoring issues
specific to ground water, and the results are discussed
below. However, additional work needs to be done on
the other three categories. Focus groups of appropriate
experts are needed to develop guidelines and to make
recommendations for these three resource categories.

Historically, ambient-water-quality consider-
ations have focused on surface-waters. The original
gogls of the Clean Water Act primarily targeted State-
designated uses for surface waters. Surface and ground
waters are, however, hydraulically connected.
Geochemical processes are reflected in the quality of
ground water and can profoundly affect surface-water
quality and aquatic biota because approximately 40 per-
cent of flowing surface water comes from ground
water.

Water-quality-monitoring programs must con-
sider differences in spatial, temporal, and other charac-
teristics between ground- and surface-water resources.
Ground water normally is not easily accessed for moni-
toring, and suitable wells must be located or drilled
(except in special circumstances). Further, ground
water has distinct three-dimensional distributions
within geologic formations of rock and soil that are
often in units that have very different physical, chemi-
cal, and biological characteristics. In particular, water
flows in aquifers at extremely slow rates compared
with surface-water-flow rates. For example, ground
water may move fractions of an inch per day, or
even per year, while streams and rivers frequently
move miles per day. As a result of these and other
differences, ground-water interactions with the bio-
sphere and lithosphere differ significantly from the
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interactions of surface waters. The ITFM recognized
these differences and accordingly established a special
focus group for ground-water monitoring to ensure that
ITFM proposals, such as the framework for monitoring
programs (Technical Appendix B), address specific
ground-water needs. Additional results of the delibera-
tions of the Ground Water Focus Group are presented
in Technical Appendix L, and their work is continuing
to address indicators for ground-water monitoring.

Project on Biological Integrity of Surface Waters

As an initial step in implementing the nation-
wide monitoring strategy, the ITFM proposes that
existing information about the biological conditions
of streams and rivers be gathered and evaluated. In
addition to supporting the goal to conserve and
enhance ecosystems, this biological evaluation
would initiate the implementation of technical con-
cepts and institutional collaboration integral to the
strategy. Most water-monitoring networks were
designed and implemented at a time when detection
and control of chemical pollutants in water was of
paramount importance. Now, however, the need for
aquatic biological information is more widely rec-
ognized.

In addition, the biological evaluation would
integrate information from different organizations,
show data gaps, and test recommendations
designed to improve information compatibility.
Because of differences in monitoring purposes, var-
ious Federal, State, and Tribal programs produce
data that vary in parameters, spatial density, fre-
quency of collection, analysis methods, and level
of QA.

Further actions following the initial data
gathering would need to be implemented through a
series of iterations of data collection, data interpre-
tation, and voluntary refocusing over an extended
time period. The NBS is a key agency to participate
in this project.

Training

One of the key implementation issues is that
training must be available to all Federal, regional,
State, Tribal, local, private, and volunteer personnel
involved in water monitoring. Training would be the
cornerstone to promoting the use of the monitoring
framework, the correct use of environmental indicators,
the application of comparable methods of sample col-
lection techniques and analytical methods, the storage

and sharing of environmental data, and the use of
new methods to interpret and report results.

Training programs are now available in such
organizations as the USGS, the USEPA, the U.S.
Army Corps of Engineers (USACE), the Tennessee
Valley Authority (TVA), the U.S. Department of
Agriculture, associations, societies, and the Water
Resources Research Institutes and academic organi-
zations. A collaborative effort is needed to conduct
water-monitoring and data-management training.
Training should include monitoring and data man-
agement for water quality. Training would be tai-
lored to selected audiences, which would include
managers who use water-quality information for
decisionmaking, research scientists, field and labo-
ratory technicians, and interested members of pub-
lic, volunteer, and private organizations. An
interagency training team should be formed at the
national level to coordinate an inventory of training
programs now available from public agencies, aca-
demic institutions, and private organizations and
the development of a list of training needs and the
number of trainees anticipated, training materials,
and plans to meet identified training for different
sectors.

Participating agencies should make training
available at various locations across the country on
a continuing basis; the training would use formal
and informal formats as appropriate. The collabora-
tive training plans should include a QA program to
measure the effectiveness of training efforts and
should include a complete review every 5 years.
Training may not be fully implemented for several
years because of the massive effort that will be
required to organize and operate a coordinated
nationwide training effort.

It also is important to broaden training into
collaboration and education. Many groups, such as
the Nature Conservancy, the Ecological Society of
America, and the Association of Environmental
Engineering Professors, were involved in comment-
ing on or were suggested as collaborators for imple-
mentation of the strategy for nationwide
monitoring.

Pilot Studies

Before some ITFM proposals are implemented
nationwide, additional pilot studies are needed.
Groups working at the national level need feedback to
move from strategy to tactics for implementation.
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More tailored guidance is needed to ensure that the
flexibility required in different areas of the country
is accommodated. In addition, information on
implementation costs-and on the savings that result
from improvements also are needed. Although the
ITFM believes that many improvements to monitor-
ing can be accomplished within available
resources, such improvements must be thoughtfully
planned and coordinated. When program updates or
new monitoring efforts are funded, the ITFM rec-
ommendations can be more readily accommodated.
However, special care must be taken to ensure that
attempts to implement aspects of the strategy by
using available monitoring resources do not
adversely impact existing monitoring that now sup-
ports critical objectives.

incentives

Because of its voluntary nature, the strategy
proposed by ITFM must offer tangible benefits to
encourage organizations that monitor or fund
water-quality activities to participate in the strategy.
The major incentives for participation are discussed
below:
¢ By improving water-quality information nation-

wide, public and private organizations can

increase the effectiveness of natural-
resources management and environmental
protection efforts and can document the ben-
efits of actions taken. This will answer the
water-quality questions listed at the begin-
ning of this report that Federal agencies are
often asked by Congress and that agencies at
all scales are asked by the public. Multiple
agencies with varied expertise and responsibili-
ties working together on the same problem will
have the information necessary to achieve com-
prehensive ecosystem management for aquatic
and related terrestrial resources. Managers will
be able to make more effective decisions and
to consider policies and programs more com-
prehensively. Disagreements among agencies
about water-quality conditions and assessment
results will be fewer, and it will be possible to
base more decisions on objective information
rather than on opinion. State, Tribal, and local
agencies with enforcement responsibilities will
have a better technical basis for taking regula-
tory action. The regulated community will
have more complete knowledge to ensure that

actions required of them will correct environ-
mental problems. Better, more comprehensive
information will improve the connection
between public programs and the conditions
they are supposed to address.

» Because data collection will be coordinated, use of
available resources will be more effective, and
efforts will not be duplicated. Monitoring pro-
grams that evolve from a coordinated effort
among major data-collecting agencies in an
area will provide more complete coverage in
space, time, and parameters. The resulting
information will better support decisionmak-
ing for complex contemporary problems and
allow for joint monitoring and assessment of
water-quantity and water-quality and surface-
and ground-water issues. Partnerships among
agencies responsible for compliance- and
ambient-monitoring programs will be able to
design programs that complement each other.
These coordinated and collaborative programs
produce a consistent distributed data set that is
jointly supported by many agencies and that
includes agreed-upon data-quality-control
measurements. The coordination and collabo-
ration also will identify the ancillary data, as
well as the scale and accuracy, that is needed.

* Participants in the ITFM strategy will have tools to
monitor water quality more effectively. Exam-
ples of these tools include:

e Common format for designing monitoring
programs.

* Comparable use of indicators.

¢ Comparable performance-based methods
used for field and laboratory work.

» Consistent QA/QC activities that produce
data of known quality.

» Metadata collected and recorded to aid with
interpretations.

* Ancillary data needs identified, located, and
shared.

» Compatible data-storage system.

» Software that encourages data sharing.

¢ Methods for data analysis.

» Examples and guidelines for publishing and
speaking to many types of audiences.

» Formats for evaluating the effectiveness of
monitoring programs.

* Valuable services will be provided for partici-
pants in the strategy. The services will
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include guidance and advice on new pollut-
ants, new research methods, and interagency
questions. The ITFM will be able to review
and advise on newly designed monitoring pro-
grams, as well as on agency and organization
collaboration among existing ones.

* The training program to promote the use of
guidelines and recommendations will be
available to all participants and will bring
together talents, skills, and knowledge from
Federal, State, Tribal, watershed, local, and
private representatives and volunteers.

* The credibility of water-quality information will
improve as many organizations produce the
information and agree on its assessment and
presentation.

Implementation

An institutional infrastructure is needed to
support the implementation of the strategy. The
infrastructure should include a national collabora-
tion forum and formal or informal State and Tribal
implementation teams. If State or Tribal entities
identify the need for regional or watershed-level
implementation teams, then regional teams also
should be used to carry out the strategy. It is
important to the success of the strategy that exist-
ing collaborative mechanisms be used to the
extent possible. Maximum flexibility is needed at
the interstate, the regional, and the watershed lev-
els to assure effective implementation. Figure 4
shows an overview of the proposed organizational
framework.

National Water-Quality Monitoring Council

A National Water-Quality Monitoring Coun-
cil will be established to carry forward national
aspects of the strategy. The National Council
would develop guidance and tools to provide tech-
nical support and serve as a forum for collaborative
program planning. The viewpoints of business, aca-
demia, and volunteers are critical to the successful
implementation of the strategy. Membership on the
National Council would include the private sector,
volunteer monitoring organizations, and government
agencies at all levels—Federal, State, Tribal, inter-
state, and local. Non-Federal representation would
be drawn from various geographic areas of the coun-
try to cover the full range of natural, social, and

economic settings. The National Council would
operate as part of the Water Information Coordina-
tion Program (WICP), which is required by OMB
Memorandum No. 92-01. A draft charter for the pro-
posed National Council is presented in Technical
Appendix C.

The National Council would assume broad
responsibility for promoting implementation of the
nationwide monitoring strategy and the ITFM recom-
mendations that would improve monitoring and
resource assessments in the United States. In principle,
the National Council would facilitate monitoring and
assessment programs to fulfill their intended initial
purpose and support national compatibility and
information sharing where purposes overlap. The
National Council would be concerned with water
monitoring, which has been broadly defined to
include measuring the physical, chemical/toxicolog-
ical, and biological/ecological characteristics of sur-
face and ground waters, including freshwater,
marine, and wetlands, as well as associated data
that involve habitat, land use, demographics,
weather, and atmospheric deposition. The National
Council would coordinate its activities with the
ongoing work of the Federal Geographic Data Com-
mittee (FGDC), which is authorized by OMB Circu-
lar A-16. The National Council would be
concerned with the monitoring of streams, rivers,
lakes, estuaries, wetlands, coastal and ground
waters, sewer and industrial outflows, and public
drinking-water sources (not finished water). It
would consider the following monitoring purposes,
which are implemented by individual monitoring
agencies: to assess status and trends, to identify
and rank existing and emerging problems, to design
and implement programs, to determine whether
goals and standards are being met, to assure regula-
tory compliance, to facilitate responses to emergen-
cies, to support hydrologic research, and to help
target monitoring, prevention, and remediation
resources.

The National Council would issue voluntary
guidelines to promote consistency. These guide-
lines would address the comparability of field and
laboratory methods, recommended minimum sets
of parameters for specific monitoring purposes,
environmental indicators, QA programs, metadata
requirements, data management and sharing, and
reader-friendly formats for reporting information to
decisionmakers and the public.
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ORGANIZATIONAL FRAMEWORK

FEDERAL/STATE/TRIBAL/INTERSTATE/LOCAL/PUBLIC/INDUSTRY

NATIONAL COUNCIL

Provide guidelines, technical support,
and national program coordination

® National environmental indicators

® Field and laboratory methods

e Data management/information sharing
e Quality assurance/quality control

STATE/TRIBAL TEAMS

Provide collaboration and
implement monitoring

® Quality assurance/quality controi
® Monitoring design

® Site selection

® Environmental indicators

e Ancillary data

® interpretation techniques
® Reporting formats

® Training

® Sample collection and field analyses
® Laboratory analyses

® Data storage

® Information sharing

ield analyses

¢ Information sharing
® Assessments ‘

Figure 4. Organizational framework for implementing the strategy.

These guidelines would build on the
gress achieved by the ITFM and other groups,
uld yield significant improvements in the nation-
le consistency of data-collection activities, and
wuld provide comparable methods and results
en reporting and sharing data. The National Coun-
would encourage the voluntary adoption of these
delines by relevant federally funded State, Tribal,
lic, and private organizations operating water-
d monitoring and assessment programs and other
nitoring efforts. Through its relations with State
| Tribal teams, it also would promote adoption of
se guidelines by cooperating State, Tribal,
ional, and local agencies, as well as private and
unteer organizations. The National Council would

coordinate the development of a nationwide training
effort to help ensure that appropriate individuals
acquire the knowledge and skills needed to carry out
monitoring and assessment responsibilities.

To facilitate implementation of the Strategy, the
ITFM recommends that the Administration consider
issuing an Executive order that provides guidance and
requirements for Federal agencies with water-quality-
monitoring responsibilities.

Methods and Data Comparability Board

To provide the national infrastructure neces-
sary to implement methods comparability, the ITFM
recommends that an MDCB be established under
the auspices of the National Council. The mission of

Implementation



the MDCB would be to promote and coordinate the
collection of monitoring data of known quality by
using comparable field techniques and analytical chemi-
cal and biological measurement methods, where objec-
tives are similar, through the voluntary participation of
the monitoring community. A draft charter for the
MDCB is provided in Technical Appendix H.

The scope of the MDCB would be to provide a
framework and a forum to identify interagency priori-
ties for parameters that most need comparable methods,
to take actions that improve the scientific validity of
water-quality data, to establish comparable approaches
among agencies for collecting water-quality-monitoring
information, to provide a forum for advancing state-of-
the-technology water-quality methods and practices,
and to assist all levels of government in collecting
monitoring information in a comparable and coordi-
nated manner. The MDCB would work closely with
other organizations that promote methods comparabil-
ity, such as the ASTM and the USEPA's Environmen-
tal Monitoring Management Council.

Environmental Indicators Guidance Committee

To develop necessary guidance for indicators,
the ITFM recommends establishing an Environmen-
tal Indicators Guidance Committee that would carry
on the activities of the ITFM’s Environmental Indica-
tors Task Group work in conjunction with the
MDCB. The National Council and this Committee
should develop guidelines for the selection and
reporting of environmental indicators and criteria
for determining reference conditions to assess
water-quality and related ecological systems. Also,
the National Council and this Committee should
adopt recommended data elements for water-quality-
data systems and the minimum elements to facilitate
the sharing of environmental indicator information.

Data-Elements Glossary

The ITFM's Data Management and Information
Sharing (DMIS) Task Group has prepared a Data-Ele-
ments Glossary to support data collection, interpreta-
tion, presentation, and sharing (Technical Appendix
M). The full glossary of recommended data elements
represents the base data requirement proposed for
implementation as agencies develop new water-quality-
data systems. The DMIS Task Group also has identified
minimum data elements that are needed to share water-
quality data effectively among existing systems. The

minimum data elements would be incorporated in
user interfaces of data systems maintained by partic-
ipating agencies. Finally, the DMIS Task Group has
identified core water-quality-data sets, such as ecore-
gions, hydrologic units, river reaches, land use/land
cover, taxonomic codes, and aquifer names, that will
be maintained by one organization or a consortium of
organizations and shared by all ITFM organizations.
The next steps will involve reaching an agreement on
minimum data sets and common data-exchange
formats. Modern technology can now provide the
means to achieve data sharing and efficiencies not
thought possible just a few years ago.

The ITFM recommends that the National
Council promote a coordinated effort of data-manage-
ment-system enhancement or development with the
objective of creating linked multiagency information
systems with common standards. Agencies would not
develop a common system, but rather a linked series
of key systems that would coordinate their designs to
facilitate the storage of data at many locations and still
be able to share information effectively. This coordi-
nated design would involve the sharing of data models
and, in some cases, data-base structures; environmen-
tal data and associated QA information would be
maintained in a data manage-ment system operated by
the Federal, State, Tribal, or local agency or private
organization responsible for collecting the data. The
design also would include an interface whose compo-
nents would be used by all participating organizations.
The interface would include the ability to query the
various data bases by using the minimum data ele-
ments of the DMIS Task Group. The coordinated
design also should include a series of standard reports
and (or) an exchange format. This effort would likely
need a multiagency consortium to design, develop,
test, implement, and maintain the linked systems.

Funding

Some Federal resources must be provided to
help support pilot studies in selected areas. The
USEPA is planning to provide $500,000 to selected
States during FY 1995. The USEPA worked with the
ITFM and the States to determine how the monies can
best be used to achieve targeted comprehensive moni-
tor-ing to measure progress toward the nationwide
goals. Much of the money will be used to georeference
State waters to RF3. USEPA also targeted $2 million
to Tribal monitoring programs. In addition, the USGS
will identify the implementation of the ITFM strategy
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as one of the priorities of the National Water
Resources Research and Information System—Fed-
eral/State Cooperative Program in Fiscal Year
1995 and beyond. Through the Cooperative Pro-
gram, agencies at State, Tribal, and local levels of
government are partners with USGS in data collec-
tion and special studies of mutual interest on a 50/
50 cost-sharing basis. This priority will provide an
edge for ITFM pilot studies and future water-qual-
ity-monitoring-design efforts that compete for Fed-
eral matching funds. In FY 1995, the appropriated
Federal matching funds in the Cooperative Program
will exceed $60 million. The above funds are in addi-
tion to Federal monies already available to States and
Tribes for monitoring through existing mechanisms in
a number of agencies including the USEPA Section
106 grants.

Better environmental protection and resource-
management decisionmaking, which are the results of
better monitoring, will result in cost savings. By
improving and using more complete water-quality-
monitoring results, decisionmakers can target scarce
financial and other resources to priority problems,
evaluate the effectiveness of actions taken, make
needed adjustments, and avoid costly mistakes. Many
of the recommendations can be jointly funded within
existing budgets by the participating agencies. In
some cases, financial agreements will be developed
among agencies to support mutually beneficial moni-
toring projects. In other cases, basic agreements exist
and are being used. Because the strategy will be imple-
mented over time and almost all the recommendations
are intended for future monitoring, major adjustments
in funding are not required in the short term. By lever-
aging technical capability and cost sharing, agencies
can make better use of existing expertise and funding
resources nationwide. It is noteworthy, however, that
the early successes of the ITFM are due, in large part,
to the energy and enthusiasm of the members and con-
tributions from participating agencies for specific
projects. A modest amount of short-term funding to
support the administrative infrastructures for the
groups that are implementing the strategy may be
needed. Such support would ensure that the process of
collaboration continues, thereby allowing the Nation
to realize the expected long-term benefits and efficien-
cies. This would allow all participants to achieve a
higher return for their existing and future investments.
As changes are made, the savings will be used to sup-
port improvements in other functions. The result will
be more cost-effective monitoring and a significant
expansion and improvement in the information that

can be used for decisionmaking. As the strategy is
implemented and participating agencies jointly
develop and implement detailed plans, specific infor-
mation on cost savings and costs for implementation
should be documented and reported. After available
funds are used effectively, then participating agencies
will need to address resource requirements for future
actions.

Initial Agency Actions to Improve Monitoring

Benefits from the ITFM ’s strategy and recom-
mendations are already being identified. Member
agencies have taken significant steps to improve water-
quality monitoring and to achieve cost savings now
and in the future. The progress to date includes actions
that foster different aspects of the strategy. Selected
examples are presented below.

Eight Federal agencies, which include the
Smithsonian Institute, the Agricultural Research Ser-
vice (ARS), the National Marine Fisheries Service
(NMEFS), the National Resources Conservation Ser-
vice (NRCS), the NBS, NOAA’s National Ocean Data
Center, the USEPA, and the USGS, are taking an
important step forward to improving consistency
among Federal data-storage systems that contain
biological information. These agencies are develop-
ing joint agreements to maintain and use the same ref-
erence table for taxonomic codes. The codes would be
related to the same taxonomic identifiers and hierar-
chy in the participating agencies' automated informa-
tion systems. NOAA, the USEPA, and the USGS have
agreed to use these codes. This major advance will
reduce costs and facilitate data sharing among the sys-
tems. It is the first time that more than two agencies
have agreed to support and use the same taxonomic
codes.

Five Federal environmental monitoring pro-
grams in the USEPA, the NBS, the USGS, and
NOAA have formed a partnership with the USGS’s
Earth Resources Observation Systems (EROS)
Data Center to facilitate the development of com-
prehensive land-characteristics information for the
United States. The Multi-Resolution Land Charac-
teristics Consortium is generating land-cover data
for the conterminous United States and is develop-
ing a land-characteristics data base that meets the
diverse needs of the participating programs. Cost
savings for purchasing the data are $4 million, and
large additional savings will result from the joint
image-processing and data management.
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Regarding modernizing or creating new Fed-
eral information systems, the USEPA is modernizing
STORET, and the USGS is modernizing its system
(NWIS-II). For many years, much water-quality infor-
mation collected by the USGS has been loaded into
STORET. During this modernization phase, the agen-
cies are working closely together to implement com-
mon data-element names and reference tables that will
make it easier to exchange and aggregate data. In addi-
tion, the USGS has worked with the NBS to facilitate
the compatible development of their information sys-
tem. Such initiatives will make it easier for States and
others to aggregate information from Federal systems.
Also, success-ful efforts to make Federal systems com-
patible will encourage the non-Federal sector to adopt
the common data-element names and reference tables.
Significant cost savings nationwide over long periods
of time and a larger, more useful environmental infor-
mation base will result from such compatibility.

With leadership from the USEPA, the ITFM
created the Master Directory of Water Quality and
Ancillary Data that includes printed texts, data, and
indexes of data holdings (U.S. Environmental Pro-
tection Agency, 1993). The Master Directory is
available on diskette, CD-ROM, and Internet. The
Master Directory greatly simplifies users' access to
relevant information and reduces costs by using
modern information-transfer technology.

The ITFM has initiated pilot studies in three
member States to help develop and test concepts. Fed-
eral, State, and local agencies are participating in
these initiatives. Arizona is focusing on data manage-
ment and information sharing. Florida is developing a
statewide network that integrates surface- and ground-
water monitoring in the Suwannee River Basin. Wis-
consin is comparing monitoring methods used by Fed-
eral and State agencies and evaluating the differences
in the results; the ultimate goal is to improve the com-
parability of data for Wisconsin so that data can be
aggregated for a variety of applications.

The ITFM sponsored 10 regional meetings
during summer 1993 to review its proposals and rec-
ommendations and to discuss monitoring opportuni-
ties and problems in the Federal regions. Additional
meetings and review activities to contribute final
comments and facilitate regional collaboration were
held in 1994, In addition, Florida, Idaho, New Jer-
sey, and Wisconsin have held statewide monitoring
meetings that have included monitoring organiza-
tions and information users. The purpose of these
meetings is to begin the design of statewide monitor-
ing strategies. During the review of this strategy,

other States, which included California, Michigan,
Minnesota, and Arizona, stated they were pursuing
collaborative monitoring teams of some kind.

In the area of monitoring program design, the
USEPA, the States, and the Tribes are using the
ITFM monitoring program framework as the basis
for developing monitoring guidance for the USEPA
Section 106 grants to States and Tribes. The use of
the program throughout the Nation will significantly
improve the usefulness of water-quality information
and the cost effectiveness of the programs (Technical
Appendix B). Federal agencies also are redesigning
monitoring programs to parallel the ITFM program
concepts more closely. For example, the USGS is
redesigning NASQAN to implement such monitor-
ing concepts, as well as to respond to budget con-
straints. The USACE is developing guidance
documents for its water-quality-monitoring program
that closely parallels the ITFM recommendations.
This guidance will address water-quality-monitor-
ing activities at hundreds of USACE projects nation-
wide.

The ITFM analytical work related to indica-
tors is a major contribution to proposed changes to
the USEPA guidelines for the States' 1996 305(b)
reports. These changes are being made in consulta-
tion with representatives from Federal, State, Tribal,
and interstate agencies that conduct environmental
monitoring and assessment activities. The changes
to the guidelines will produce more comparable
information and will help link the information col-
lected more directly to water-quality goals nation-
wide.

Regarding the establishment of ecological
reference sites and conditions, representatives from
States, USGS/NAWQA, and USEPA/EMAP are
working together to identify and use reference con-
ditions characteristic of waters and associated habi-
tats that meet desired goals. The resulting reference
conditions are needed as baselines against which to
compare and assess the biological integrity of
aquatic systems generally. All levels of government
and the private sector will be able to use the infor-
mation generated from the reference sites and condi-
tions to make more effective regulatory and
resource-management decisions.

The USGS, through the NAWQA Program,
hosted an interagency workshop on the biological
methods used to assess the quality of streams and
rivers (U.S. Geological Survey, 1994). The pur-
poses of the workshop were to promote better com-
munication among Federal agencies and to facilitate
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data exchange and interagency collaboration. The
workshop focused on community assessment methods
for fish, invertebrates, and algae; characterization of
physical habitats; and chemical analyses of biological
tissues. The 45 biologists who attended the workshop
evaluated similarities and differences among biologi-
cal monitoring protocols and identified opportunities
for collaboration and research, improving data compat-
ibility, and sharing information.

Conclusion

Implementation of the recommendations and
strategy in this report will result in an adequate water-
information base to achieve natural-resource-manage-
ment and environmental protection goals in the public
and the private sectors. Identified changes are already
being made, but implementation of the full strategy
cannot be achieved quickly. Each participating organi-
zation will need to revise its monitoring activities in a
series of deliberate steps over several years as
money and time become available. However,
because benefits from the changes are incremental,
improvement of water-quality monitoring has begun
as described in the preceding section.

As the competition for adequate supplies of
clean water increases, concerns about public health
and the environment escalate, and geographically
targeted watershed-management programs
increase, more demands will be placed on the
water-quality-information infrastructure. These
demands cannot be met effectively and economically
without changing our approach to monitoring. The
agencies that participated on the ITFM believe that the
implementation of this strategy for nationwide water-
quality monitoring will provide sound answers to the
fundamental questions posed in the introduction to
this report.
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TECHNICAL APPENDIX A

GLOSSARY OF WATER-QUALITY-MONITORING TERMS

The definitions in this appendix are solely
related to the use of these terms in Technical Appen-
dixes A through O. Other definitions for these terms
may apply when the terms are used elsewhere.

Adverse effect An action that has an apparent direct or
indirect negative effect on the conservation and
recovery of an ecosystem component listed as
threatened or endangered [U.S. Forest Service
(USFS)].!

Ambient monitoring All forms of monitoring con-
ducted beyond the immediate influence of a dis-
charge pipe or injection well and may include
sampling of sediments and living resources
[U.S. Environmental Protection Agency
(USEPA) Region 5].

Ancillary data

A. Other categories of data (see Water-quality data)
critical to interpreting water-quality data and
formulating courses of action. These ancillary
categories of data will be considered only as
they relate to information management and
data sharing. Ancillary data critical to water-
quality decisionmaking include, but are not
limited to, land use/land cover; water use; pop-
ulation and demographics; soils, geology, and
geochemistry; municipal and industrial waste
disposal; agricultural and domestic chemical
applications; climatological data; and human
health and ecological effects [Intergovernmen-
tal Task Force on Monitoring Water Quality
(ITEM)].

B. Those variables that might influence the indica-
tors independent of what they are designed to
denote [Environmental Monitoring and
Assessment Program (EMAP)].

C. Data that are collected as a consequence of col-
lecting target data, but that are not considered
to be essential (Ohio EPA).

Aquatic community An association of interacting
populations of aquatic organisms in a given
water body or habitat (USEPA Region 5).

ITerms were provided by the agencies listed within the
parentheses.

Aquatic ecosystem The stream channel, lake or estu-
ary bed, water, and (or) biotic communities and
the habitat features that occur therein (USFS).

Aquatic habitat Environments characterized by the
presence of standing or flowing water (USFS).

Aquifer A body of rock that is sufficiently permeable
to conduct ground water and to yield economi-
cally significant quantities of water to wells and
springs [Bates, Robert L., and Jackson, Julia A.,
eds., 1987, Glossary of Geology (3d ed.): Alex-
andria, Va., American Geological Institute,

p- 331

Assessed waters Water bodies for which the State is
able to make use-support decisions based on
actual information. Such waters are not limited
to those that have been directly monitored,; it is
appropriate in many cases to make judgments
based on other information (USEPA Region 5,
modified).

Beneficial uses Management objectives.

Benthic fauna (or benthos) Organisms attached to or
resting on the bottom or living in the bottom
sediments of a water body (USEPA Region 5).

Bioaccumulate The net uptake of a material by an
organism from food, water, and (or) respiration
that results in elevated internal concentrations
[U.S. Fish and Wildlife Service (USFWS)].

Biological assessment An evaluation of the biological
condition of a water body by using biological
surveys and other direct measurements of a res-
ident biota in surface water (USEPA Region 5).

Biological criteria (or biocriteria) Numerical values
or narrative expressions that describe the refer-
ence biological integrity of aquatic communi-
ties that inhabit water of a given designated
aquatic life use (USEPA Region 5).

Biological integrity Functionally defined as the con-
dition of the aquatic community that inhabits
unimpaired water bodies of a specified habitat
as measured by community structure and func-
tion (USEPA Region 5).

Biological monitoring (or biomonitoring) The use
of a biological entity as a detector and its
response as a measure to determine environ-
mental conditions. Toxicity tests and biological
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surveys are common biomonitoring methods
(USEPA Region 5).

Biological survey (or biosurvey) Consists of collect-
ing, processing, and analyzing representative
portions of a resident aquatic community to
determine the community structure and function
(USEPA Region 5).

Biomonitoring The measurement of biological
parameters in repetition to assess the current
status and changes in time of the parameters
measured (USFWS).

Community component Any portion of a biological
community. The community component may
pertain to the taxonomic group (fish, inverte-
brates, algae), the taxonomic category (phylum,
order, family, genus, species), the feeding strat-
egy (herbivore, omnivore, carnivore), or organi-
zational level (individual, population, commu-
nity association) of a biological entity within the
aquatic community (USEPA Region 5).

Compliance monitoring A type of monitoring done
to ensure the meeting of immediate statutory
requirements, the control of long-term water
quality, the quality of receiving waters as deter-
mined by testing effluents, or the maintenance
of standards during and after construction of a
project (modified from Resh, D. M., and Rosen-
berg, V.H., eds., 1993, Freshwater Biomonitor-
ing and Benthic Macroinvertebrates: New
York, Chapman and Hall, 488 p).

Contaminant A material added by humans or natural
activities that may, in sufficient concentrations,
render the environment unacceptable for biota.
The mere presence of these materials is not nec-
essarily harmful (USFWS).

Critical habitat Those areas designated as critical for
the survival and recovery of threatened or
endangered species (USFS).

Data comparability The characteristics that allow
information from many sources to be of defin-
able or equivalent quality so that this informa-
tion can be used to address program objectives
not necessarily related to those for which the
data were collected. These characteristics need
to be defined but would likely include detection
limit precision, accuracy, bias, and so forth
(ITFM/Data Methods Collection Task Group).

Data quality objectives In the context of water-
quality monitoring, the characteristics or goals
that are determined by a monitoring or
interpretive program to be essential to the

usefulness of the data. They would include, but
not be limited to, the specification of delineation
of the limits of precision and bias of measure-
ments, the completeness of sampling and
measurements, the representativeness of sites
relative to program objectives, the validity of
data, and so forth (ITFM/Data Methods
Collection Task Group).

Deep-water habitats Permanently flooded lands that
lie below the deep-water boundary of wetlands
(USFS).

Designated uses

A. A classification specified in water-quality stan-
dards for each water body or segment that
relates to the level of protection from perturba-
tion afforded by the regulatory agency
(USEPA/OST).

B. Describes the chemical, physical, and (or) biolog-
ical attributes covered by the use; this is, in
essence, the narrative "criteria" (Ohio EPA).

C. Uses specified in water-quality standards for each
water body or segment whether or not they are
being attained (USEPA Region 5).

Diversity The distribution and abundance of different
kinds of plant and animal species and communi-
ties in a specified area (USFS).

Ecological indicators Plant or animal species, com-
munities, or special habitats with a narrow range
of ecological tolerance. For example, in forest
areas, such indicators may be selected for
emphasis and monitored during forest plan
implementation because their presence and
abundance serve as a barometer of ecological
conditions within a management unit (USFS).

Ecoregions (or regions of ecological similarity) A
homogeneous area defined by similarity of cli-
mate, landform, soil, potential natural vegeta-
tion, hydrology, or other ecologically relevant
variable. Regions of ecological similarity help
define the potential designated use classifica-
tions of specific water bodies (USEPA
Region 5).

Ecosystem A system that is made up of a community
of animals, plants, and bacteria and its interre-
lated physical and chemical environment
(USFWS).

Effectiveness monitoring Documents how well the
management practices meet intended objec-
tives for the riparian area. Monitoring evalu-
ates the cause and effect relations between
management activities and conditions of the
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riparian depend-ent resources. Terrestrial and
instream methods constitute monitoring that
evaluates and documents the total effectiveness
of site-specific actions (USFS).

Emerging environmental problems Problems that
may be new and (or) are becoming known
because of better monitoring and use of indica-
tors (Ohio EPA).

Endangered species

A. Any species in danger of extinction throughout
all or a significant portion of its range (USFS).

B. Animals, birds, fish, plants, or other living organ-
isms that are threatened with extinction by
manmade or natural changes in their environ-
ment. Requirements for declaring a species
endangered are contained in Endangered Spe-
cies Act.

Environmental indicators A measurable feature or
features that provide managerially and scientif-
ically useful evidence of environmental and
ecosystem quality or reliable evidence of trends
in quality (ITFM).

Equivalency Any body of procedures and techniques
of sample collection and (or) analysis for a
parameter of interest that has been demon-
strated in specific cases to produce results not
statistically different to those obtained from a
reference method (ITFM).

Estuarine habitat Tidal habitats and adjacent tidal
wetlands that are usually semienclosed by land
but have open, partly obstructed, or sporadic
access to the open ocean and in which ocean
water is at least occasionally diluted by fresh-
water runoff from the land (USFS).

Exposure indicators An environmental characteristic
measured to provide evidence of the occurrence
or magnitude of contact with a physical, chemi-
cal, or biological stressor (EMAP).

Featured (or species emphasis) A species of high
public interest and demand. The management
goal for these species usually is to maintain or
improve habitat capability when economically
and biologically feasible (USFS).

Fish and wildlife Any nondomesticated member of
the animal kingdom that includes, without limi-
tation, any mammal, fish, bird, amphibian, rep-
tile, mollusk, crustacean, arthropod, or other
invertebrate and that includes any part, product,
egg, or offspring thereof or the dead body or
parts thereof (USFS).

Fixed-station monitoring The repeated long-term
sampling or measurement of parameters at
representative points for the purpose of deter-
mining environmental quality characteristics
and trends (USEPA Region 5).

Geographic information systems (GIS) A comput-
erized system for combining, displaying, and
analyzing geographic data. GIS produces maps
for environmental planning and management by
integrating physical and biological information
(soils, vegetation, hydrology, living resources,
and so forth) and cultural information (popula-
tion, political boundaries, roads, bank and
shoreline development, and so forth) (USEPA
Region 5).

Habitat

A. A place where the physical and biological ele-
ments of ecosystems provide a suitable envi-
ronment, and the food, cover, and space
resources needed for plant and animal exist-
ence (USFS).

B. The physical/chemical theater in which the eco-
logical play takes place; it is a template for the
biota, their interactions, and their evolution
(Hutchinson, 1965; Southwood, 1977).

Habitat capability The estimated carrying capacity of
an area to support a wildlife, fish, or sensitive
plant population. Habitat capability can be
stated as being existing or future and normally
is expressed in numbers of animals, pounds of
fish, or acres of plants (USFS).

Habitat indicator A physical, chemical, or biological
attribute measured to characterize the condi-
tions necessary to support an organism, popula-
tion, community, or ecosystem in the absence of
stressors (EMAP).

Impact A change in the chemical, physical, or biolog-
ical quality or condition of a water body caused
by external sources (USEPA Region 5).

Impairment A detrimental effect on the biological
integrity of a water body caused by impact that
prevents attainment of the designated use
(USEPA Region 5).

Implementation monitoring Documents whether or
not management practices were applied as
designed. Projectand contract administration is
a part of implementation monitoring (USFS).

Index period The sampling period during which
selection is based on the temporal behavior of
the indicator and the practical considerations for
sampling (Ohio EPA, modified).
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Indigenous species A species that originally inhabited
a particular geographic area (USFS, modified).

Lacustrine habitat All wetland and deep-water habi-
tats with the following characteristics: situated
in a topographical depression or adammed river
channel; lacking trees, shrubs, persistent
emergents, emergent mosses, or lichens with
greater than 30 percent aerial coverage; and
total area that exceeds 20 acres (USFS).

Listed species Any species of fish, wildlife, or plant
officially designated by an agency as being
endangered or threatened (USFS, modified).

Management indicators Plant and animal species,
communities, or special habitats that are
selected for emphasis in planning and that are
monitored during forest-plan implementation to
assess the effects of management activities on
their populations and the populations of other
species with similar habitat needs that they may
represent (USFS).

Management indicator species Any species, group
of species, or species habitat element selected to
focus management attention for the purpose of
resource production, population recovery,
maintenance of population viability, or ecosys-
tem diversity (USFS).

Metadata Information that describes the content,
quality, condition, and other characteristics of
data [Federal Geographic Data Committee
(FGDQO)].

Method comparability The characteristics that allow
data produced by multiple methods to meet or
exceed the data-quality objectives of primary or
secondary data users. These characteristics
need to be defined but would likely include
data-quality objectives, bias, precision, infor-
mation on data comparability, and so forth
(ITFM/Data Methods Collection Task Group).

Method validation The process of substantiating a
method to meet certain performance criteria for
sampling and (or) analytical and (or) data han-
dling operations (ITFM)

Metric A biological attribute, some feature or charac-
teristic of the biotic assemblage, that reflects
ambient conditions, especially the influence of
human actions on these conditions (ITFM;
Technical Appendix G).

Monitoring

A. The repeated measurement of some parameters to
assess the current status and changes over time
of the parameters measured (USFWS).

B. Periodic or continuous surveillance or testing
to determine the level of compliance with
statutory requirements and (or) pollutant levels
in various media or in humans, animals, and
other living things (ITFM).

National Pollutant Discharge Elimination System
A permit program under Section 402 of the
Clean Water Act that imposes discharge limita-
tions on point sources by basing them on the
effluent limitation capabilities of a control tech-
nology or on local water-quality standards
(USEPA Region 5).

Native species Any animal and plant species origi-
nally in the United States (USFS).

Nonpoint-source pollution A contributory factor to
water pollution that cannot be traced to a spe-
cific spot; for example, pollution that results
from water runoff from urban areas, construc-
tion sites, agricultural and silvicultural opera-
tions, and so forth (USEPA Region 5).

Palustrine habitat All nontidal wetlands that are
dominated by trees, shrubs, persistent emer-
gents, emergent mosses, or lichens, and all such
wetlands in tidal areas where salinity owing to
ocean-derived salts is below 0.5 part per thou-
sand. Also, all wetlands that lack such vegeta-
tion but with all the following characteristics:
areas of less than 20 acres (for example, a
pond); active waves form a bedrock shoreline,
features lacking; water depth in the deepest part
of a basin of less than 6.5 feet at low water; and
salinity owing to ocean-derived salts that is less
than 0.5 part per thousand (USES).

Peer-reviewed literature A referable, obtainable,
published document that is reviewed by a mini-
mum of two technical reviewers who are
located external to the author's organization
(ITEM).

Perennial streams Permanently inundated surface
stream courses. Surface water flows throughout
the year except in years of infrequent drought
(USFS).

Performance-based methods system A system that
permits the use of any appropriate measurement
methods that demonstrates the ability 1o meet
established performance criteria and that com-
plies with specified data-quality needs. Perfor-
mance criteria, such as precision, bias, sensitivity,
specificity, and detection limit, must be desig-
nated, and a method-validation process must be
documented (ITFM).
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Point-source pollution Pollution discharged through
a pipe or some other discrete source from
municipal water-treatment plants, factories,
confined animal feedlots, or combined sewers
(USEPA Region 5).

Population

A. For the purposes of natural-resource planning,
the set of individuals of the same species that
occurs within the natural resource of interest
(USFS, modified).

B. An aggregate of interbreeding individuals of a
biological species within a specified location
(USEPA Region 5).

Potential habitat Habitat that is suitable for, but cur-
rently unoccupied by, the species or community
in question (USFS).

Prelaboratory Methods that include all activities
involved in collecting, preparing, and delivering
a sample to the place of analysis. For a tradi-
tional water sample, this would include activi-
ties and equipment for collecting, filtering, bot-
tling, preserving, and shipping the sample. In
the case of an in situ measurement, there would
be no prelaboratory method. In the case of a
field analysis of ground water for alkalinity,
prelaboratory methods would include of pump-
ing the sample and keeping it pressurized and
out of contact with the atmosphere (ITFM/Data
Methods Collection Task Group).

Reference value/conditions

A. A single measurement or set of selected
measurements of unimpaired water bodies
characteristic of an ecoregion and (or) habitat
(USEPA/OST).

B. The chemical, physical, or biological quality or
condition that is exhibited at either a single site
or an aggregation of sites that represent the
least impacted or reasonably attainable condi-
tion at the least impacted reference sites (Ohio
EPA).

Response indicator An environmental indicator mea-
sured to provide evidence of the biological con-
dition of a resource at the organism, population,
community, or ecosystem level of organization
(EMAP).

Riparian Of, pertaining to, or situated or dwelling on
the bank of a river or other water body (Shuh-
shiaw Lo, 1992, Glossary of Hydrology: Little-
ton, Colo., Water Resources Publications,

p. 1250).

Riparian areas Geographically delineable areas with
distinctive resource values and characteristics
that compose the aquatic and riparian ecosys-
tems (USFS, modified).

Riparian dependent resources Resources that owe
their existence to a riparian area (USFS).

Riparian ecosystems A transition between the
aquatic ecosystem and the adjacent terrestrial
ecosystem; these are identified by soil charac-
teristics or distinctive vegetation communities
that require free or unbound water (USFS).

Riparian habitat The transition zone between aquatic
and upland habitat. These habitats are related to
and influenced by surface or subsurface waters,
especially the margins of streams, lakes, ponds,
wetlands, seeps, and ditches (USFS, modified).

River reach A river or stream segment of a specific
length. Most reaches extend between the points
of confluence with other streams (USEPA
Region 5).

Riverine habitat All wetlands and deep-water habi-
tats within a channel, with two exceptions—
wetlands dominated by trees, shrubs, persistent
emergents, emergent mosses, or lichens and
habitats with water that contains ocean-derived
salt in excess of 0.5 part per thousand.

Selection criteria A set of statements that describe
suitable indicators or a rationale for selecting
indicators (ITFM).

Sensitive species Those plant and animal species for
which population viability is a concern (USFS).

Standard As used in American Society for Testing
and Materials (ASTM), a document that has
been developed and established within the con-
sensus principles of the ASTM and that meets
the approval requirements of ASTM procedures
and regulations. The term "standard" serves as
an adjective in the title of documents, such as
test methods, practices, and specifications, to
connote specified consensus and approval. The
various types of standard documents are based
on the needs and usage as prescribed by the
technical committees of the ASTM. "Consen-
sus principles" include timely and adequate
notice to all known interested parties; opportu-
nity for all affected interests to participate in the
deliberations, discussions, and decisions that
affect the proposal; maintenance of records of
discussions, decisions, and data accumulated in
standards development; timely publication and
distribution of minutes of meetings; distribution
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of ballots to all eligible voters and full reporting
of results; and careful attention to minority
opinions throughout.

Stressor indicator A characteristic measured to quan-
tify a natural process, an environmental hazard,
or a management action that results in changes
in exposure and habitat (EMAP).

Threatened species Any species that is likely to
become an endangered species within the fore-
seeable future throughout all or a significant
portion of its range (USFS).

Threatened waters Waters that fully support their
designated uses, but may not support uses in the
future unless pollution-control action is taken
because of anticipated sources or adverse pollu-
tion trends (USEPA Region 35).

Total maximum daily load The total allowable pol-
lutant load to a receiving water such that any
additional loading will produce a violation of
water-quality standards (USEPA Region 5).

Toxic Relating to harmful effects to biota caused by a
substance or contaminant (USFWS).

Toxicity test A procedure to determine the toxicity of
a chemical or an effluent by using living organ-
isms. A toxicity test measures the degree of
effect on exposed test organisms of a specific
chemical or effluent (USEPA Region 5).

Validation monitoring Determines if predictive
model coefficients are adequately protecting the
targeted resources. A long-term commitment to
data collection is often required to establish an
adequate data base. If the standard, which
requires use of 50 percent or less of streamside
herbaceous forage, for example, fails to achieve
the desired instream habitat condition, then the
standard would have to be modified for less for-
age consumption in the riparian complex(es)
(USFS, modified).

Viable population A population that has the esti-
mated numbers and distribution of reproductive
individuals to ensure the continued existence of
the species throughout its existing range in the
planning area (USFS).

Water-quality criteria Criteria that comprise numer-
ical and narrative criteria. Numerical criteria
are scientifically derived ambient concentra-
tions developed by the USEPA or the States for
various pollutants of concern so that human
health and aquatic life can be protected. Narra-
tive criteria are statements that describe the
desired water-quality goal (USEPA Region 5).

Water-quality data Chemical, biological, and
physical measurements or observations of the
characteristics of surface and ground waters,
atmospheric deposition, potable water, treated
effluents, and waste water and of the immediate
environment in which the water exists.

Water-quality information Derived through analy-
sis, interpretation, and presentation of water-
quality and ancillary data ITFM).

Water-quality limited segment A stretch or area of
surface water where technology-based controls
are not sufficient to prevent violations of water-
quality standards. In such cases, new permit
limitations are based on ambient-water-quality
considerations (USEPA Region 5).

Water-quality monitoring An integrated activity for
evaluating the physical, chemical, and biologi-
cal character of water in relation to human
health, ecological conditions, and designated
water uses (ITFM/Technical Appendix B).

Water-quality standard A law or regulation that con-
sists of the beneficial designated use or uses of
a water body, the numerical and narrative water-
quality criteria that are necessary to protect the
use or uses of that particular water body, and an
antidegradation statement (USEPA Region 5).

Water-resource quality

A. The condition of water or some water-related
resource as measured by biological surveys,
habitat-quality assessments, chemical-specific
analyses of pollutants in water bodies, and tox-
icity tests (USEPA/OST).

B. The condition of water or some water-related
resource as measured by the following: habitat
quality, energy dynamics, chemical quality,
hydrological regime, and biotic factors
(Ohio EPA).

Watershed The land area that drains into a stream,
river, lake, estuary, or coastal zone (USEPA
Region 5).

Wetlands Habitat that is transitional between terres-
trial and aquatic where the water table is usually
at or near the land surface or land that is covered
by shallow water. Wetlands have one or more
of the following characteristics: at least period-
ically, the land supports predominantly hydro-
phytic plants; the substrate is predominantly
undrained hydric soil; and the substrate is non-
soil and is saturated with water or covered by
shallow water at sometime during the yearly
growing season (USFS).
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TECHNICAL APPENDIX B

FRAMEWORK FOR A WATER-QUALITY-MONITORING PROGRAM

Water-quality monitoring is a critical support
for any water-management program. In this frame-
work, water-quality monitoring is defined as "an
integrated activity for evaluating the physical, chem-
ical, and biological character of water in relation to
human health, ecological conditions, and designated
water uses.” It includes the monitoring of rivers,
lakes, reservoirs, estuaries, coastal water, atmo-
spheric precipitation, wetlands, and ground water.
Without correct information, the state of the Nation’s
water resources cannot be assessed, effective preser-
vation and remediation programs cannot be run, and
program success cannot be evaluated. To help water
managers of programs of all levels from national to
local collect data that will be shared and useful for
meeting multiple objectives at all levels, the ITFM
sets forth the following framework for monitoring
programs.

Water-quality monitoring can be grouped into
the following general purposes:

* Describing status and trends.

* Describing and ranking existing and emerging
problems.

¢ Designing management and regulatory programs.

» Evaluating program effectiveness.

* Responding to emergencies.

Although monitoring may vary in kind or
intensity among the five purposes, they share a com-
mon design framework and the implementation steps
outlined below.

In designing the implementing monitoring
programs for surface and ground waters, it is vital to
take into consideration the differences in the spatial
and temporal characteristics, as well as the accessi-
bility to monitoring of each of the resources.
Equally important to the success of a program is the
formulation and implementation of an effective
data-management system and effective methods of
communication and information exchange among
collaborators, customers, and the general public.

I.  Purpose
A. Purposes and expectations—Identify general
purposes and expectations for the monitor-
ing program.
B. Specific program purposes—To the degree
possible, identify the specific purposes of
the monitoring program.

IL

1.

C. Share purposes—Determine if other data col-
lectors and users have similar purposes that
may influence other monitoring programs.

D. Customers—Who needs the data or informa-
tion and for what reason? Determine if
other agencies share the same purposes and
if they can effectively combine resources.

E. Boundaries and timeframes—Identify gen-
eral geographic boundaries and timeframes
to the monitoring program.

F. Environmental indicators—Chose environ-
mental indicators to measure the achieve-
ment of identified program purposes.

Coordinate/collaborate.

A. Establish working Rrlations—Establish a
working relation with Federal, State,
Tribal, local, academic, and private agen-
cies that collect and use water-quality
information. If the agency has many pro-
grams, then integrate the individual moni-
toring programs into overall program goals.

B. Incorporate needs of others—If possible,
incorporate needs of other agencies into the
purposes of the program. Ensure the inclu-
sion of data qualifiers with stored data so
others know the accuracy and precision of
the environmental data that was collected
and analyzed.

Design.

A. Existing environmental setting—Identify and
describe the existing environmental setting,
including its hydrology (surface and
ground waters), biota, and resource use.

B. Existing water-quality problems—Evaluate
existing information to depict the known or
suspected surface- and ground-water-qual-
ity conditions, problems, or information
gaps; provide a current conceptual under-
standing; and identify management con-
cerns and alternatives.

C. Environmental indicators and data parame-
ters—Determine the environmental indica-
tors and habitat and related chemical, physi-
cal, biological, and ancillary data parameters
to be monitored.

D. Reference conditions—Establish reference
conditions for environmental indicators that
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can be monitored to provide a baseline water-
quality assessment.

E. Data-quality objectives—Define the level of
confidence needed, based on the data col-
lected, to support testing management alter-
natives.

F. Data-set characteristics—Determine the basis
for a monitoring design that will allow suc-
cessful interpretation of the data at a resolu-
tion that meets project purposes. The basis
for monitoring should include statistical reli-
ability and geographic, geohydrologic,
geochemical, biological, land use/land cover,
and temporal variability.

G. Quality-assurance plan—Develop a quality-
assurance plan (QA) plan that documents
data accuracy and precision, representative-
ness of the data, completeness of the data set,
and comparability of data relative to data col-
lected by others.

H. Monitoring design—Develop a sampling
design that could include fixed station, syn-
optic, event sampling, and intensive surveys;
location of sites, such as a stratified random
design; and physical, chemical, biological,
and ancillary indicators.

1. Data-collection methods.—Develop sampling
plans and identify standardized protocols and
methods (performance based if possible) and
document data to enable data comparison
with other monitoring programs. Identify
personnel and equipment needed.

J. Timing—Describe the duration of the sampling
program and the frequency and seasonality
of sampling.

K Field and laboratory analytical support—Identify
field and laboratory protocols or performance-
based methods, which include detection level,
accuracy, precision turnaround time, and sam-
ple preservation.

L. Data management—Describe the data-manage-
ment protocol, which includes data archiving,
data sharing, and data security that can be fol-
lowed. Ensure that all data includes metadata,
such as location (latitude and longitude), date,
time, and a description of collection and ana-
lytical methods, and QA data.

M. Training—As necessary, train staff to collect,
manage, interpret, or present water-quality
data and information.

IV.

N. Interpretation—Identify interpretative methods
that are compatible with data being collected
and program purposes.

O. Communications—Determine how data and
interpretive information can be communi-
cated; for example, press releases, public
meetings, agency meetings, conferences,
popular publications, agency reports, journal
articles, and so forth.

P. Costs—Determine the program costs and
sources of funding.

Q. Iterative—Develop feedback mechanisms to
fine-tune design.

Implementation.

A. Establish and document sites—Construct wells,
shelters, gage houses, staff gages, and other
needed structures as needed in preparation
for data collection;. document ancillary data
for sites.

B. Collect data—Collect data according to moni-
toring design and protocols; coordinate with
other agencies where appropriate.

C. Review results—Review data-collection activi-
ties to ensure that protocols and QA plan are
being followed and that data is complete and
meets stated purposes.

D. Store and manage data—Archive data in such
a manner that the accuracy and precision are
maintained.

E. Share data—Provide data for other agencies
upon request.

F. Summarize data—Provide data-summary infor-
mation to managers when applicable.

Interpretation.

A. Data reliability—Define the accuracy and
precision of environmental data by using
quality-control data.

B. Interpret data tmeet stated purposes—Interpret
the data, which include a description of the
water-resources system, by using existing
environmental and ancillary data to provide
information useful to making water-quality-
management decisions.

C. Statistical methods and model documentation—
Use statistical packages and deterministic
models that are well documented.

D Management alternatives—Test management
alternatives when they are known.

E. Coordinate interpretations—Consider man-
agement alternatives when interpreting
data to meet the needs of collaborators and
customers.

The Strategy for Improving Water-Quality Monitoring in the United States—Technical Appendixes



VI. Evaluate monitoring program.

A. Meet goals and objectives—Determine if mon-
itoring program goals and objectives were
met.

B. Identify problems—Identify any monitoring
problems associated with collecting and ana-
lyzing samples; storing, disseminating, and
interpreting data; and reporting the informa-
tion to managers and the public.

C. Evaluate costs—Evaluate the costs of the mon-
itoring program relative to other costs, such
as clean up, lost environment, and product
produced.

D. Feedback—Use results of evaluation monitor-
ing program to identify current and future
needs and activities of agencies and data
users.

VII. Communication.

A. Coordinate—Participate in the distribution of
information to and with other agencies.

B. Write and distribute technical reports—
Describe current water-quality conditions,
spatial distribution, temporal variability,
source, cause, transport, fate, and effects of
contaminants to humans, aquifers, and eco-
systems as appropriate.

C. Communicate with multiple audiences—Write
lay reports or executive summaries for non-
technical audiences and peer review reports
for technical audiences.

D. Make presentations—Make presentations to
assist management and the public in under-
standing the significance of results.

E. Make data available—Provide basic data for
other data users as requested.
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TECHNICAL APPENDIX C

TERMS OF REFERENCE—
NATIONAL WATER-QUALITY MONITORING COUNCIL

environmental requirements and the effec-
tiveness of programs and projects. Regard-

I. Official designation.
The National Water-Quality Monitoring Council

(National Council) is the permanent succes-
sor to the Intergovernmental Task Force on
Monitoring Water Quality (ITFM).

II. Purpose, scope, applicability, and functions.
A. Purpose—The overall purpose of the

National Council is to support water-qual-
ity-information aspects of natural-
resources management and environmental
protection. The National Council has a
broad mandate that encompasses water-
quality monitoring and assessment, which
includes considerations of water quality in
relation to water quantity. The purpose of
the National Council is to coordinate and
provide guidance and technical support
for the voluntary implementation of the
recommendations presented in the Strat-
egy for Improving Water-Quality Moni-
toring in the United States (the strategy)
by government agencies and the private
sector. The intent of the strategy, pre-
sented in the final report of the ITFM, is to
stimulate the monitoring improvements
needed to achieve comparable and scien-
tifically defensible information, interpre-
tations, and evaluations of water-quality
conditions. The information is required to
support decisionmaking at local, State,
Tribal, interstate, and national scales.

B. Scope—The scope of the National Council

includes reviewing activities for monitor-
ing the quality of fresh surface water,
estuary and near-coastal water, ground
water, and precipitation at local, regional,
and national levels. The National Council
will provide guidance for the collection,
management, and use of water-quality
information. This information is needed
to assess status and trends, to identify and
prioritize existing and emerging prob-
Iems, to develop and implement manage-
ment and regulatory programs and to eval-
uate compliance with

ing marine environments, the National
Council will assist the U.S. Environmental
Protection Agency (USEPA), the National
Oceanic and Atmospheric Administration
(NOAA), the States, and the Tribes in their
joint activities to gather water-quality-
monitoring information.

The National Council will address
and provide guidance for each of the fol-
lowing aspects of water-quality monitor-
ing: institutional coordination and collab-
oration, identifying the objectives for
monitoring, program design, environmen-
tal indicators and standard descriptors of
aquatic and riparian conditions, reference
conditions and sites, station selection,
methods and data comparability, quality
assurance and control, information man-
agement and data sharing, ancillary data
needed to interpret basic water-quality data
and information, data-interpretation and
analysis techniques, reporting findings and
information, training, incentives for partic-
ipating in the strategy, benefits and costs of
monitoring, evaluation of monitoring
activities, and other issues necessary to the
successful implementation of the strategy.

C. Applicability—As resources are available and

consistent with applicable legal require-
ments, organizations that voluntarily
choose to participate in implementing the
strategy will implement ITFM recommen-
dations and voluntarily use the guidelines
and procedures developed by the National
Council and accepted by the Advisory
Committee on Water Information (ACWI).

D. Functions—The specific functions and tasks

of the National Council include the follow-
ing:

1. Maintain the institutional framework—To

implement the strategy, establish and
maintain collaborative partnerships
that link monitoring organizations at
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the national, regional, State, Tribal,
and watershed levels.

2. Evaluate progress—Evaluate and report

the progress in implementing the
strategy every 5 years beginning in
2000. The evaluation will include
accomplishments, plans, recommen-
dations, and a list of organizations
that participate in implementing the
strategy. The report will be distrib-
uted to Governors, the heads of exec-
utive agencies, the President, the
Congress, and other interested par-
ties.

3. Data quality and documentation—

Develop and foster the implementa-
tion of monitoring activities for
which the data quality is known and
the documentation is adequate to sup-
port information sharing.

4. Indicators—Establish and maintain a

process to identify and distribute
comparable physical, chemical, and
biological indicators to measure
progress in meeting water-quality
goals at the national and large
regional levels. As part of the pro-
cess to support comparable and pol-
icy-relevant indicators, produce guid-
ance for implementing national
indicators. Coordinate planning for
implementing comparable indicators.
(The plans will include agency-
specific actions, data-quality guide-
lines, and schedules for reporting
data intended for use in national
assessment activities.) Encourage
similar collaboration to achieve com-
parable and relevant indicators at the
State and the watershed levels.

5. Information management and sharing—

Provide easy access to and support of
the sharing of information holdings
by creating links among information
systems that will constitute a nation-
wide distributed water-

information network. The system
links and the information-sharing
networks will include Federal, State,
Tribal, local, and private organiza-
tions among the primary and the sec-

ondary users of water-quality infor-
mation.

6. Data elements, codes, and reference

tables—Adopt and maintain an
agreed-upon data-element glossary to
provide common terminology and
definitions for documenting water-
quality data; that is, metadata. Con-
tinue to update and refine the data-
elements glossary to meet additional
requirements. Coordinate support for
interagency efforts to maintain,
update, and distribute common taxo-
nomic and other codes and reference
tables for use in automated data sys-
tems containing water-quality infor-
mation. In particular, support the
Interagency Taxonomy Information
System.

7. Methods and data comparability—Pro-

vide technical guidance and coordi-
nate other support necessary to
achieve comparable measurements
that have known quality. To carry out
these functions, the permanent Meth-
ods and Data Comparability Board
(MDCB) will be established. The
MDCB will include a balanced mem-
bership of organizations that repre-
sent Federal, State, Tribal, interstate,
and local government agencies and
the private sector.

8. National assessment—Foster collabora-

tion among organizations that partic-
ipate in national, multistate, or State
assessments of water-quality condi-
tions and trends. Develop and dis-
tribute guidelines and procedures to
improve the interpretation and inte-
gration of the physical, chemical, and
biological/ecological data needed to
describe water-quality conditions and
trends and to understand the factors
that cause water-quality conditions to
change.

9. Reporting and public education—Fos-

ter a better understanding of water-
quality conditions, trends, and
issues among decisionmakers and
the general public by developing and
implementing common or linked
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information-presentation and report-
ing methods, which would include
suggested presentation formats.

10. Information dissemination—Establish a

mechanism that uses modern infor-
mation technology to make the activ-
ities, conventions, protocols, and
guidelines that are part of the strategy
widely accessible. The mechanism
should be maintained over time as
required to meet users needs and to
document the evolving infrastructure
that supports the strategy.

11. Training—Identify training require-

ments and recommend training activ-
ities to make the most effective use
of monitoring resources and to facil-
itate data quality, comparability, and
sharing.

12. International activities—Through exist-

ing mechanisms, foster communica-
tion, collaboration, and consensus to
improve the availability and utility of
water-quality information interna-
tionally. The National Council will
learn from experts in other countries
and evaluate technology and infor-
mation for its applicability in the
United States. Also, the National
Council will share technology and
information developed in the United
States with other countries; in partic-
ular, the National Council will col-
laborate with appropriate entities
under the North American Free Trade
Agreement.

III. Membership.
A. The National Council shall comprise a bal-

anced membership of Federal, interstate,
State, Tribal, local, and municipal govern-
ment agencies and the private sector,
which will include volunteer monitoring
groups. The membership will include
organizations that collect, analyze, inter-
pret, disseminate, or use water-quality
monitoring information, as well as those
that develop monitoring technology,
guidelines, and (or) standards.

B. State membership on the National Council

will include one State agency representa-
tive from each of the 10 Federal regions.

To allow full State participation over time,
membership will rotate among the States in
one-half of the regions every 2 years. To
initiate the rotation on the National Coun-
cil, States in Regions I, I1I, V, VII, and IX
will rotate at the end of the first 2 years.
States in Regions II, IV, VI, VIII, and X
will rotate at the end of the first 4 years.
Within each region, representatives of
State water-quality-monitoring agencies
will elect their representative to the
National Council. State representatives
will serve 4-year terms once the rotation
noted above is established.

C. The Director of the U.S. Geological Survey

(USGS) and the Assistant Administrator
for Water of the USEPA will designate an
additional 11 member organizations that
have differing viewpoints and water-
quality-monitoring and assessment
functions. Other organizations that partic-
ipate on the National Council will repre-
sent the following interests: Native Amer-
icans, agriculture, environmental interest
groups, industry, local agencies and
municipalities, river-basin commissions,
and (or) in associations, universities, and
volunteer monitoring groups. Nomina-
tions for this category of membership will
be by members of the ACWI and other
interested organizations. These other
member organizations will serve 4-year
terms and can be redesignated.

D. Each member organization will designate

their representative and an alternate to the
National Council.

E. The USGS and the USEPA will serve as

cochairs of the National Council. The
USGS will provide the Executive Secre-
tariat for the National Council. Including
the USGS and USEPA, Federal member-
ship on the National Council will not
exceed 10 representatives and will include
the following organizations: the U.S.
Department of Commerce/NOAA, the
Tennessee Valley Authority, the U.S.
Army Corps of Engineers, the U.S.
Department of Agriculture, the U.S.
Department of Energy, the USEPA/
Offices of Water, the U.S. Department of
the Interior/USGS, and either the National
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Biological Service or the U.S. Fish and
Wildlife Service. Additional Federal
member organizations up to a total of 10
can participate as mutually agreed by the
cochairs of the National Council. The
Office of Management and Budget
(OMB) will be invited to participate as a

an open fashion by attempting to discuss
fully and resolve all issues through con-
sensus and by recognizing the legitimate
interests and diverse views of the National
Council members. If complete agreement
cannot be attained, then the following pro-
cedures will apply:

nonvoting member.

F. To ensure appropriate balance and expertise
on the National Council, the cochairs may
jointly designate additional member orga-
nizations not to exceed a total membership

1. A consensus will exist unless one or more
representatives request a vote.

2. If a vote is requested, then Robert's Rules
of Order will apply, and the cochairs
will poll the National Council. An

of 35. affirmative vote of two-thirds of the
G. Representatives or alternates are expected to members present will constitute

attend all meetings of the National Coun-
cil. If a member organization is not repre-
sented at three consecutive meetings, then
the cochairs of the National Council may
appoint a new member organization to
replace the member that has failed to par-
ticipate. The cochairs will consult with
the member organization before removing
it from the National Council.

approval. Each member organization
may cast one vote.

3. Actions that constitute final reports or rec-

ommendations intended for nation-
wide implementation as part of the
strategy will be signed by the cochairs.
Representatives may prepare minority
reports and provide them to the execu-
tive secretary within 1 week of a deci-

IV. Meetings and procedures.

A. The National Council will meet a minimum
of three times a year and at other times as

sion. Minority reports will be included
in the final majority reports.

4. Agreements by the National Council may

designated by the cochairs. The cochairs
will jointly determine the dates, times, and
locations of the meetings in consultation
with the members.

B. Representatives to the National Council will

receive no pay, allowances, or benefits by
reason of their service on the National
Council. However, while away from their
homes or regular places of business and in
the performance of services for the
National Council, non-Federal representa-
tives to the National Council will be
allowed travel expenses if needed. Travel
expenses will include per diem in lieu of
subsistence, in the same manner as persons
employed intermittently in Government
service are allowed such expenses under
Section 5703 of Title 5 of the United States
Code.

C. The presence of two-thirds of the representa-

tives or designated alternates of the mem-
ber organizations will constitute the quo-
rum necessary to conduct business. The

National Council will conduct business in

be reached in formal session or in writ-
ing on an individual basis after every
delegate is advised in advance by the
cochairs.

D. As resources are available and consistent with

applicable legal requirements, organiza-
tions that chose to participate in the strat-
egy will implement ITFM recommenda-
tions and will use the guidelines developed
by the MDCB (or other subordinate
groups) and approved by the National
Council.

E. Before adopting guidelines or recommenda-

tions for voluntary implementation nation-
wide as part of the strategy, the National
Council will announce proposed actions
and products in the Federal Register for the
purpose of obtaining public review and
comments.

F. Summaries with action items of National

Council meetings will be prepared by the
executive secretary and distributed to all
members and to the chair of the ACWI.
In addition, meeting summaries and other
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documents will be available for public
access and review.

G. Transcripts of each National Council meet-

ing,recommendations adopted, and copies
of all studies and reports received, issued,
or approved in conjunction with the
activities of the National Council will be
available for public inspection on the
Internet and for review and copying at the
following location:

Office of Water Data Coordination
417 National Center

U.S. Geological Survey

12201 Sunrise Valley Drive
Reston, Virginia 22092

V. Period of time necessary for the activities of the

National Council —The total period of time
necessary for the National Council to carry
out its activities is estimated to be for as long
as the Federal Government has responsibili-
ties and interests related to monitoring water
quality.

V1. Official to whom the National Council reports—

The National Council reports to the chair of
the ACWI.

VII. Support services—Support services and execu-

tive secretariat for the activities of the
National Council will be provided by the
USGS. In addition, the USEPA and other
organizations will provide services and
other support to the Natioal Council as
mutually agreed.

VIII. Duties of the National Council—The duties of

the National Council are to provide infor-
mation and develop advice as set forth in
Section II.

IX. Termination date—The National Council will

operate for as long as the strategy is imple-
mented. The chair of the ACWI has the
authority to terminate the National Council in
consultation with the member organizations
of the ACWI and the National Council.

X. Subordinate groups—For assistance in conduct-

ing its business, the National Council may
establish subordinate groups. Such groups
will gather information, conduct research,
analyze relevant issues and facts, and draft
proposed position papers and (or) recom-
mendations for deliberation by the National
Council. These groups, which will be estab-
lished by the cochairs, will have the balanced
perspectives and knowledge necessary to
perform their assigned functions. Represen-
tatives that serve on subordinate groups may
include organizations or experts that are not
members of the National Council or the
ACWI, but that provide the knowledgeable
and interested individuals needed to carry out
the assigned tasks. The "Terms of Refer-
ence” for permanent groups, such as the
MDCB, will be reviewed and approved by
the National Council and forwarded to the
ACWI for concurrence. These groups will
report directly to the National Council or, in
some cases, through another subordinate
group.

XI. Authority—The National Council is part of the

Water Information Coordination Program
mandated by OMB Memorandum No. 92—
01, dated December 10, 1991. The National
Council reports to the ACWI that operates
under the Federal Advisory Committee Act.
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TECHNICAL APPENDIX E
INDICATOR-SELECTION CRITERIA

The U.S. Environmental Protection Agency
(USEPA) and the U.S. Geological Survey (USGS)
initiated discussions on water-monitoring activities in
April 1991; the identification of pervasive problems
associated with monitoring resulted in formation of the
Intergovernmental Task Force on Monitoring Water
Quality (ITFM). The ITFM, which was mandated by an
Office of Management and Budget directive to
strengthen coordination for water information nation-
wide, began work in January 1992. It comprises 20
representatives of Federal, State, and interstate gov-
ernmental groups. In addition, approximately 150
Federal and State staff sit on the following task groups:
Intergovernmental Framework, Data Management and
Information Sharing, Data Collection Methods, Envi-
ronmental Indicators, and Assessment and Reporting.
This document represents one of the work products of
the Environmental Indicators Task Group (Task
Group) and describes the selection criteria table
(attached) and some of the supporting rationale.

Definition

The group developed the following definition of
"environmental indicator ... measurable feature or fea-
tures that provide managerially and scientifically use-
ful evidence of environmental and ecosystem quality or
reliable evidence of trends in quality.” Thus, environ-
mental indicators must be measurable with available
technology, scientifically valid for assessing or docu-
menting ecosystem quality, and useful for providing
information for management decisionmaking. Envi-
ronmental indicators encompass a broad suite of mea-
sures that include tools for assessment of chemical,
physical, and biological conditions and processes at
several levels. These characteristics of environmental
indicators have helped define the scope of the group
activities.

This Task Group used guidelines gathered from
the monitoring programs of eight Federal and State
agencies or groups to establish a set of criteria that can
be used to select biological, chemical, and physical
indicators that will provide information appropriate for
addressing objectives of particular programs. These
criteria are organized into three broad categories—sci-
entific validity (technical considerations), practical
considerations, and programmatic considerations. The

list of selection criteria includes those currently in use
by the following offices or programs: USEPA, Office
of Water; USEPA, Office of Policy, Planning, and
Evaluation; USEPA, Environmetal Monitoring and
Assessment Program; USEPA Region 2, Lake Ontario
Stewardship; U.S. Department of Interior (USDOI) ,
USGS; USDOI, U.S. Fish and Wildlife Service; U.S.
Department of Agriculture, U.S. Forest Service; Ohio
Environmental Protection Agency; and New York
Bight Project.

We intend these criteria to be useful to any pro-
gram in which indicators for describing environmental
quality or measuring program success must be selected.

Selection of Appropriate Indicators

Standard Selection Criteria

Environmental indicators should be able to sat-
isfy predetermined selection criteria to ensure their via-
bility. These criteria provide a series of guidelines that
shape the decisionmaking process, which results in an
indicator that meets the needs of the program. It is
important to put the selection criteria into a standard-
ized format that can be useful for nationwide programs.
Standardization of the selection criteria streamlines the
indicator selection process, reduces costs, prevents
duplication of effort, and provides a consistency,
thereby increasing the potential for cross-program
comparisons.

The task group decided that it should focus on
indicators for which techniques, protocols, or equip-
ment were either available or in advanced stages of
development, rather than concentrate on potential mea-
sures; the group felt that concentrating on potential
measures would be unrealistic considering the 1- to
3-year time limitation. It was decided to focus on
attainable goals, and with the diverse experience and
backgrounds represented on the group membership,
there would be an abundance of information to compile
to understand what is currently available.

Criteria Categories

Scientific validity is the foundation for deter-
mining whether data can be compared with reference
conditions or other sites. Data collected from a sam-
pling site become irrelevant if they cannot be easily
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compared with conditions found at a site determined to
be minimally impaired. Factors must be balanced
when considering the scientific validity of an indicator
and its application in real-world situations. An indica-
tor must not only be scientifically valid, but its applica-
tion must be practical (that is, not too costly or too tech-
nically complex) when placed within the constraints of
a monitoring program. Of primary importance is that
the indicator must be able to address the questions that
the program seeks to answer.

For discussion purposes, these criteria have
been divided into three categories—scientific validity
(technical considerations) practical considerations,
and programmatic considerations. Although dis-
cussed separately, these categories are not entirely
separate entities, but rather portions of characteristics
that provide some guidance in the indicator-selection
process.

Scientific Validity

As with any monitoring or bioassessment pro-
gram, the data collected must be scientifically valid for
it to be useful. Table 1 lists 11 guidelines that have
been identified for assisting in this determination.

Measurements of environmental indicators
should produce data that are valid and quantitative or
qualitative and allow for comparisons on temporal and
spatial levels. This is particularly important for com-
parisons with the reference condition. Interpretation of
measurements must accurately discern between natural
variability and the effects induced by anthropogenic
stressors. This requires a level of sensitivity and reso-
lution sufficient to detect ecological perturbations and
to indicate not only the presence of a problem, but to
provide early warning signs of an impending impact.
The methodology should be reproducible and provide
the same level of sensitivity regardless of geographic
location. It also should have a wide geographic range
of application and a set of reference-condition data that
can be used for comparisons.

Practical Considerations

The success of a biomonitoring program is
dependent on the ability to collect consistent data over

the long term; consistency is directly related to the
practical application of the prescribed methodologies.
The practical considerations include monitoring costs,
availability of experienced personnel, the practical
application of the technology, and the environmental
impacts caused as a result of monitoring.

A cost-effective procedure should supply a large
amount of information in comparison to cost and effort. Of
significant importance is the acknowledgment that not
every quantitative characteristic needs to be measured
unless it is required to answer the specific questions. It
may be more important to have a range of qualitative and
quantitative data from a large number of sites than it is to
have a small number of quantitative parameter measure-
ments from a small number of sites. Cost effectiveness
may be dependent on the availability of experienced per-
sonnel and the ability to find or detect the indicating
parameters at all locations. State-of-the-art technology is
useless in a biomonitoring program if experienced person-
nel are in short supply or the data cannot be collected at all
the stations. Equally important is the ability to collect the
data with limited impact to the environment. Some collec-
tion procedures (for example, using rotenone to collect
fish) are very effective, but minor miscalculations can
cause significant environmental damage. These methodol-
ogies should be replaced with less destructive procedures.

Programmatic Considerations

Stated objectives of a program are an important
factor in selecting indicators. Sampling and analysis
programs should be structured around questions to be
addressed. The term "programmatic considerations”
simply means that the program should be evaluated to
confirm that the original objectives will be met once
the data have come together. If the design and the data
being produced by a program do not meet the original
objective(s) within the context of scientific validity and
resource availability, then the selected indicators and
uncertainty specifications should be reevaluated.

Another important consideration is the ease with
which the information obtained can be communicated to
the public. Although itis essential to present information
for decisionmakers, scientists, or other specialized audi-
ences, information for the general public needs to be
responsive to public interests and summarized for clarity.
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Table 1. Summary of some indicator selection criteria

[Sources: USEPA/Office of Policy, Planning, and Evaluation (OPPE), USEPA/Environmental Monitoring and Assessment Program (EMAP), USGS,
U.S. Forest Service (USFS), U.S.Fish and Wildlife Service (USFWS), Ohio EPA, USEPA Region 2/Lake Ontario Stewardship Indicators, New York
Bight Project]

Criteria/quality Definition(s)

Scientific validity (technical considerations)

Measurable/quantitative . . ... ........... Feature of environment measurable over time; has defined numerical scale and can
be quantified simply.
Sensitivity . .. ....... .. oL Responds to broad range of conditions or perturbations within an appropriate time

frame and geographic scale; sensitive to potential impacts being evaluated.

Resolution/discriminatory power . ........ Ability to discriminate meaningful differences in environmental condition with a
high degree of resolution (high signal to noise ratio).

Integrates effects/exposure . .. ........... Integrates effects or exposure over time and space.

Validity/accuracy ..................... Parameter is true measure of some environmental conditions within constraints of
existing science.
Related or linked unambiguously to an endpoint in an assessment process.

Reproducible. . ....................... Reproducible within defined and acceptable limits for data collection over time and
space.

Representative. . ...................... Changes in parameter/species indicate trends in other parameters they are selected
to represent.

Scope/applicability . . .................. Responds to changes on a geographic and temporal scale appropriate to the goal or
issue.

Reference value ...................... Has reference condition or benchmark against which to measure progress.

Data comparability . . .................. Can be compared to existing data sets/past conditions.

Anticipatory ............ ... i, Provides an early warning of changes.

Practical considerations

Cost/cost effective .................... Information is available or can be obtained with reasonable cost/effort.
High information return per cost.

Level of difficulty . . ................... Ability to obtain expertise to monitor.
Ability to find, identify, and interpret chemical parameters, biological species, or
habitat parameter.
Easily detected.
Generally accepted method available.
Sampling produces minimal environmental impact.
Programmatic considerations

Relevance ............. ... ... ... ... Relevant to desired goal, issue, or agency mission; for example, fish fillets for con-
sumption advisories; species of recreational or commercial value.

Programcoverage. .................... Program uses suite of indicators that encompass major components of the ecosys-
tem over the range of environmental conditions that can be expected.

Understandable. .. .................... Indicator is or can be transformed into a format that target audience can under-
stand; for example, nontechnical for public.
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» Shale ridges (fig. 2, 67d) are dominated by shale
bedrock. Land use is predominantly forest,
stream gradients have steep to moderate gra-
dients, and waters are low in alkalinity.
Streams on shale ridges frequently dry up
during fall.

The subregions are not continuous and interdig-
itate throughout the Ridge and Valley. Each subregion
occurs in each of the four States of USEPA Region 3.

Table 1 shows how selected criteria tradition-
ally used to classify streams within the Ridge and Val-
ley ecoregion (elevation, conductivity, temperature)
relate to subecoregional classification, which incorpo-
rates these characteristics into their structure. Because
these parameters (streamwater type, dominant fishery)
are used to delineate subregion streams, they also can
be used as criteria for reference conditions. Differ-
ences between subregions are accurately determined
only if the best possible conditions are used for refer-
ences and if accurate measurements of the same
parameters are taken in all subregions.

Reference Conditions
Background and Purpose

The recognition and documentation of baseline
expectations is important for any assessment program
in which changes of chemical, physical, or biological
attributes are being evaluated. Traditionally, site-
specific reference sites have been used as "controls” or
baselines for water-quality attributes from which devi-
ations measured at test sites located elsewhere have
been judged as an indication of the presence and,
potentially, the degree of degradation of the test sites.
Difficulties in the use of single reference sites for
assessment of ecological degradation include the
inability to meet many statistical assumptions required
for various types of pairwise comparisons (that is, the
problem of pseudoreplication) (Hurlbert, 1984; Stewart-

Oaten and others, 1986), limitations in the ability to
account for dynamic succession inherent in ecosys-
tem processes (Loehle and others, 1990; Loehle and
Smith, 1990), and the potential for underestimating
impairment at a test site as a result of impacts that
affect the reference site. However, there are some
advantages in the use of the upstream/downstream
study design for the evaluation of stream and river
channels. Assuming that other factors are equal, such
adesign can provide guidance for the identification and
location of point-source discharges. It also may
enhance determination of the degree of impairment.

More recently, the development of an ecore-
gional framework (Omernik, 1987; Ohio Environmen-
tal Protection Agency, 1987; Whittier and others,
1987) has provided the basis for subregionalization
(Gerritsen and others, 1994) in several parts of the
country. Subecoregions provide a framework for
establishing ecological expectations (reference condi-
tions), which are based on the sampling of many mini-
mally impaired reference sites within the subregion.
These physical, chemical, and biological data are strat-
ified (within a subregion) by the type and character of
the water-body class to form a reference-condition data
base for the subregion.

The establishment of ecological criteria is the
central purpose of many water-quality-management
activities. The concept of biocriteria implies a compar-
ison of a test-site observation to the highest level of
attainable ecological condition in a subregion. The
USEPA is using "reference conditions" as the basis for
making comparisons and detecting attainment of
aquatic life use (U.S. Environmental Protection
Agency, 1990, 1994). Such conditions should be appli-
cable to an individual water body, such as a stream seg-
ment, and to water bodies generally on aregional scale.
The reference condition is a critical element in the
development of a biocriteria program.

Table 1. Preliminary stream classification and subregions of the Central Appalachians Ridge and Valley ecoregion

[From: Gerritsen and others, 1994]

Area Streamwater type Dominant fishery Corresponding subregion
Highland. . . ... Low conductivity. ....................... Coldwater .......... Shale ridge, sandstone ridge.
High conductivity (owing to calcareous cementin ......... do......... Sandstone ridge.
rock formations or minor limestone strata).
Valley........ Limestone spring (high conductivity)......... ......... do......... Limestone valley.
Limestone influenced (high conductivity). . .. Cold or warm water . . . Do.
Lowconductivity. . ..............oiiiiiin i do......... Shale valley.
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Criteria for Reference-Site Selection

The two main criteria for the selection of ref-
erence sites are that they be minimally impaired and
that they represent the natural biological community
of the region. Sites that have been managed or
altered by human intervention to increase fishability
or to extend nonnative riparian vegetation are not
improvements in the natural sense and, as such,
should not be used as part of the reference-condition
data base. Sites affected by locally unusual environ-
mental factors also can result in unrealistic biological
expectations. Reference sites should be representa-
tive of the water bodies under consideration and
should exhibit conditions and biota similar to what is
expected in water bodies in the ecoregion or sub-
ecoregion.

In areas where least-impaired or best-avail-
able sites have been significantly altered, the search
for suitable sites must be extended over a wider area;
multiState cooperation in the form of data- and refer-
ence-site sharing is the basis for such searches. If no
suitable sites are found, then historical data, expert
opinion,and (or)empirical models can be used to
determine reference expectations for the region (Gib-
son and others, 1994). Historical data alone may not
suffice owing to potentially questionable methods,
lack of QA information, surveys made at impaired
sites, and insufficiently documented methods and
(or) objectives. Empirical water-quality models
must be carefully evaluated before being used solely
in the development of reference conditions. Because
they generally are deficient in community-level eval-
uations, a consensus of expert opinion, as well as
modeling and historical data, should be used in deter-
mining the reference condition. In any event, the
goal of establishing reference conditions is to define
the natural potential of the reference sites as being
equivalent to that for natural lakes—best of ambient
conditions or prediction regardless of the extent of
human degradation that currently exists in the area.
The development of reference-site-selection criteria
for reservoirs [J. Gerritsen, and others, Tetra Tech,
Inc., written commun. (draft report), 1994] showed
that although natural conditions for reservoirs are
nonexistent, operational criteria for establishment of
reference models can be established.

Reference sites must be carefully selected
because they will be used as a benchmark against
which test sites will be compared. The ideal refer-
ence site will have extensive natural riparian vegeta-

tion, a diversity of substrate materials, natural phys-
ical structures, a natural hydrograph, and a minimum
of known human-induced disturbances or discharges.
There also should be a representative and diverse
abundance of naturally occurring biological assem-
blages (Hughes and others, 1986).

However, it also is recognized that pristine
conditions no longer exist, and, in practice, the level
of the acceptable conditions for reference sites may
be based on socioeconomic demands. Consider a
county in which all the streams have been converted
into canals or ditches; consequently, the habitat has
been completely altered. Some of the canals receive
point-source discharges, as well as nonpoint-source
input, while others have clean water. On the basis of
the framework described above, there would be two
drastically different approaches for establishing ref-
erence conditions. The decision on the approach to
be taken rests with the acceptance that the substantial
habitat impairment of canals will not support natu-
rally occurring biological assemblages, as defined by
Hughes and others (1986). In the first approach, a
composite of the best biological condition of the
canals within the region is determined to represent
the reference condition and, thus, the biological
expectations. The alternative would be to take the
best of the nonchannelized streams in an adjacent
county within the same ecoregion or subregion and
establish expectations more similar to a natural con-
dition. The latter approach provides a more stringent
basis for judgment of impairment. A decision to use
this approach implies that there is acceptance of
degraded physical habitat and may remove incen-
tives toward efforts at improving overall ecological
conditions. However, Gibson and others (1994) cau-
tioned against the wholesale acceptance of signifi-
cantly altered systems and stipulated that resultant
criteria are interim goals subject to improvement.
The result of the approach for establishing reference
conditions in significantly altered systems, however,
is nontechnical in nature and falls within the charge
of policymakers.

Establishment of Reference Expectations by
Indicator

Initially, regional expectations should be
developed for each targeted indicator; these expecta-
tions may or may not vary across regional "bound-
aries.”" Whether this variation exists, and to what
degree they differ, is critical.
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Index Calibration
Background and Purpose

Data collected from regional reference sites must
be evaluated to develop an understanding of the range of
natural variability of those measurement parameters
within and between ecoregions and subregions. For
establishing numerical reference expectations, it is
imperative that within-region variability of parameters
be minimized and that among-region variability be
maximized. One way this can be done is by stratifica-
tion (or categorization) of ecological data within subre-
gions by drainage area, habitat quality, local land use, or
some other characteristic.

Different approaches for ecological assessments
focus on different indicators, use of different sampling
methods, sampling during different index periods, use
of specialized data-evaluation procedures, and measure-
ment of data at various scales. Regardless of the spe-
cific measurements or samples being taken, pilot studies
or small-scale research may be needed to define, evalu-
ate, and calibrate individual indicators. Past efforts that
have been made to evaluate the use of metrics illustrate
procedural approaches to this task (Angermeier and
Karr, 1986; Karr and others, 1986; Davis and Lubin,
1989; Boyle and others, 1990; Barbour and others,
1992; Karr and Kerans, 1992; Kerans and others, 1992;
Lyons, 1992; Resh and Jackson, 1993). Indicator met-
rics can be calibrated by evaluating the response to
varying levels of stressors (Jongman and others, 1987).
Sites must be carefully selected for controlled prospec-
tive studies to cover a wide range of suspected stressors.
In general, impaired sites are selected to provide knowl-
edge on the directional changes of indicators by using
either single or aggregated metrics subjected to known
stressors singly and in combination. The combination
of selected impaired and reference sites is the basis for
developing an empirical model of indicator response to
Stressors.

Dispersion and Aggregation of Data

Certain metrics may exhibit a continuum of
expected values, which depend upon specific physi-
cal attributes of the sites that make up the reference
data base. Fausch and others (1984) suggested that
a line with a slope fit, which includes about 95 per-
cent of the sites, is an appropriate approximation of
a maximum line of expectations for the metric in

question; for example, the number of fish species.
The area on the graph beneath the maximum line can
be trisected or quadrisected to assign scores to the
range of indicator values. Alternatively, the median,
25th, and 75th percentiles of each metric may be
plotted on a box and whisker graph for each ecore-
gion or subecoregion to display variability.

Comparison of the medians and ranges across
environmental strata (ecoregions, subecoregions,
stream or lake size, seasons) can help determine if it
is necessary to segregate the data by the strata. For
example, seasonal influences on an indicator can be
examined by comparing the median and range
between two samples obtained at the same site in
different seasons and by using the same methods. If
differences exist between the two seasons, then data
from these two seasons should not be combined; that
is, for this particular ecoregion, only spring data
should be compared with spring data, and fall data
with fall data. Separate criteria (or reference expec-
tations) should be developed for spring samples and
fall samples. Data that do not show such distinct
seasonal differences may be combined. A similar
approach can be applied to data that originate in
different ecoregions, subregions, or sizes of water
bodies.

For classification of reference conditions
based on the best available (selected) sites, it is
assumed that most of, if not all, the sites are mini-
mally impaired. Therefore, the upper 50th percen-
tile (values above the median) can be used as the
delineation between what is considered to be
impaired versus nonimpaired for each indicator or
metric. When scoring each metric, the values in the
upper range would receive the maximum score, and
quartiles below the median would receive progres-
sively lower scores. This approach is conducive to
metrics that may have a modal response, rather than
a monotonic one, because upper bounds on the
expected condition can be established. Hypotheti-
cally, taxa richness may be best in a region when the
number of taxa is between 25 and 35. However, ina
water body with nutrient enrichment, the number of
taxa may be 37. In this approach, the condition
would be noted as indicating some degree of impair-
ment owing to probable nutrient enrichment.

Unresolved Issues

In the 15 to 20 States where the ecoregion concept
has been applied or implemented in natural-resource

Technical Appendix <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>